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To the Honorable the General Assembly of the State of Rhode Island 
and Providence Plantations, at its January Session, 1906: 


The Commissioners of Inland Fisheries herewith present their 
annual report for the year 1905: 


As heretofore, the policy of your Commission has been to purchase 
such yearling trout and black bass as were required to stock favorable 
watersinthestate. The beneficial results of such stocking of suitable 
streams and ponds is unquestioned. Without this annual restocking 
it would be but a matter of time before these valuable fish would 
disappear from our waters. Anglers throughout the state have 
become interested in the efforts of your Commission, and have given 
their co-operation in maintaining the close season and in the pre- 
vention of illegal fishing. Without their co-operation much of the 
restocking would be in vain, as it is obviously impossible for your 
Commissioners to maintain any suitable patrol of the widely scattered 
fishing-waters. 

Several times the question has arisen as to whether it would be 
practicable and feasible for the Commission to establish a hatchery 
within the state for the purpose of providing fry and yearlings to 
be used in stocking the waters of the state. This method is followed 
by many other states with considerable success. It must be re- 
membered, however, that most other states have larger areas to 
restock, requiring many more fish, and that their fishery interests 
are many times more important than our own. There seems to be 
no doubt, as it is evidenced by reports from fishermen in all parts of 
the state, that we are securing excellent results by the method now 
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followed, and that, too, at no very great expense. As long as we can 
secure fish for stocking purposes near by, and in good condition 
and at a fair price, there seems to be no need of setting up a hatchery, 
which would require a considerable amount of experimentation before 
successfully established, and which would also be a considerable 
expense. 

The policy of your Commission in planting yearling trout instead 
of fry seems to be a good one. There is no doubt that a larger 
proportion of adult fish is secured by this means than would be 
if fry were planted. Although in some states the practice of planting 
fry is still followed, yet it seems to be the general policy to abandon 
this practice and to use yearlings only. The chances of a fish sur- 
viving the many dangers to which trout are exposed increase pro- 
portionately with the size of the fish. The yearling fish, therefore, 
stands a much better chance than the smaller fry. And the advan- 
tage derived is not only in securing larger fish at an earlier period, 
but is also in securing a larger number of fish of lawful size in the 
streams for a given expenditure of money. 

Your Commission, as usual, made application to the U. 8. Bureau 
of Fisheries for a supply of shad fry, but this year, owing to the 
exceedingly backward season, was unable to secure any. It is hoped 
that in future years it will be possible to investigate more fully 
the habits and requirements of the shad and to make more intelli- 
gent efforts to secure the return of this valuable fish to our waters. 

At the Wickford laboratory of the Commission steady progress 
has been made in the rearing and planting of lobsters. The past 
summer 103,572 lobster fry were reared to the fourth stage and 
distributed in the waters of Narragansett Bay. It is interesting to 
compare this total with the numbers reared in previous years. In 
1899, at Woods Hole, Dr. Bumpus succeeded in rearing about 100 
lobsterlings to the fourth stage. In 1900 at Wickford, 3,425 fry 
were reared to the lobsterling stage. In 1901 the number reached 
8,974; in 1902, 27,300; in 1903, 13,500; in 1904, 50,597; making an 
entire total for all previous years at Wickford of 103,796, or only 
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224 more than were reared during this one season of 1905. There 
seems to be no reason why, with the increased knowledge coming 
from each season’s experience, this number might not still further 
be increased, while using the same apparatus, and with no extra 
expense. 

The practical results of this planting of young lobsters is un- 
questioned. Reports from the lobster fishermen show that more 
small lobsters were present in the localities where the fry were 
liberated than have been seen before for many years. It will be but 
a few years before these small lobsters will be of marketable size, 
and then the expense of developing the lobster rearing plant of the 
‘Commission will be returned to the inhabitants of the state many 
times over. 

Such results as these are very gratifying, especially when we 
consider that nowhere else in the world have any such results been 
obtained. Indeed, nowhere else has it been possible to rear lobster 
fry at all successfully, and the results of your Commission’s work 
have attracted the attention of those interested in promoting the 
fishery interests in all parts of the world. 

In this country our work has been watched by the United States 
Bureau of Fisheries and the commissioners of other maritime states, 
and now that our efforts are crowned with success both the national 
Bureau and the commissioners of other states are ready to follow 
our example. Indeed, the neighboring State of Connecticut has 
already appropriated $10,000 to establish a hatchery, and a com- 
mittee has visited our laboratory at Wickford to secure the informa- 
tion necessary to begin operations in their own waters. 

With each year the efforts of your Commission to enforce the laws 
regarding the capture of short lobsters or lobsters bearing eggs 
meet with better success. Two deputies have continued to safe- 
guard the interests of the lobster fishery, and have succeeded in 
prosecuting three offenders under the short-lobster law. They have 
seized and liberated in the waters of the bay 5,170 short lobsters 


imported into the state contrary to law. The fishermen are coming 
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to recognize, more and more, that the efforts of the Commission 
are for their own good, and that they are being protected against 
the illegal competition of those who willfully disregard the laws 
which have been created to preserve for them an important industry. 

Work in connection with the propagation of the clam has not been 
neglected. A careful watch has been kept on the shores of the 
bay in order to determine the location of the new set, so that they 
might be distributed in favorable localities, and the survey of the 
shore to determine the location of favorable localities for planting 
clams has been continued. In other states the planting of clams. 
has been commenced along the lines worked out by this Commission. 

Along scientific lines much progress was made last summer at the 
Wickford laboratory in determining the rate of growth of the: 
lobster, in studying his ability to repair injury, and his migratory 
propensities. Some of these facts will receive special treatment 
in the latter part of the report. The continued study of the physical 
and biological conditions of the bay was also carried well forward, 
especially along the lines of a survey of the shores to determine the 
location of favorable localities for planting clams, quahaugs, lob— 
ster fry, etc., and the determination of the distribution and numbers 
of food and other fishes in the waters of the bay. 

Your Commission again undertook the preparation of an exhibit 
at the fair of the Washington County Acricultural Society at Kings- 
ton. In co-operation with Hon. Rowland G. Hazard, of Peace Dale, 
and Mr. George A. Griffin, of Wakefield, an exhibit pertaining to 
sea farming was installed in a building provided for the purpose by 
authorities of the fair. Six large tanks of sea water were used 
for an exhibit of the more common food fishes of the Bay and many 
of the more rare or curious forms. Through the courtesy of the- 
New York Aquarium several specimens of Blue Angels, a beautiful 
Bermudan fish, were secured and kept alive through the fair. An- 
other tank of fresh-water fish and a collection of shell-fish, lobsters in 
various stages, models of nets and traps and other fishing utensils, 
were exhibited. Many thousands of persons were thus acquainted 
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with the efforts of the state in studying the problems and opportu- 
nities connected with the fishery interests. 

Your Commission wishes to record the fact that, whatever success 
has been obtained in preserving or restoring to the waters of the 
‘state any of the industries connected with the fisheries has only 
been secured because of the continued support of your honorable 
body. In all of this work it is not one year that counts, but con- 
tinuous study and experiments carried through a series of years. 
Much has been done, but much remains to be done. The success 
which has been attained in the clam and lobster work should be 
extended to other lines, such as the propagation of food fish, crabs, 
scallops, quahaugs, etc. There can be no doubt but what the money 
expended for this work will return many times over, not only to those 
directly concerned with the fisheries, but to all the inhabitants of 
the state and to other states and other countries. 

In the absence from the country of the biologist of the Commission 
during the summer, the scientific work was carried on under the ef- 
ficient direction of Prof. F. P. Gorham. 

There follows the statement of the expenses of the Commission 
for the year. 


State of Rhode Island in account with Commissioners of Inland Fisheries. 


1905. Dr. 
-Oct. 12. To paid for 40,000 yearling trout, distribution of same, 
ETaUe Meri UU] by clhch| 012% 1 Mace eee $1,308 83 
Dec. 31. To expenses and salary of deputy commissioners under 
Holisheral aurea erat rig esas cs cre sien ses 2 ome 1,940 77 
To expenses at laboratory investigating lobster, clam, and 
GuNeTMIShiCUlbUmeMeriae see «cite clos © ss). ela steers Che 3,745 52 
To expenses of commissioners.............-.:.+-+--+5: 587 93 
$7,583 05 
1905. Cr. 
Jan. 6. By received from State Treasurer............. Pepe eis $61 99 
18. nf o. Ae SOE ENE 2 Ut ios. his yhagt f 20 50 


27. “ FE y ct «“ 82 40 


Mar. 


April 


May 


31. 


o Ww 
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July 5. « aT: ID Sa) Ne ea 40 


Aug. 2. 43 a . a ree Stn Sis eee 229 89 
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Aug. 


Nov. 


16. 
18. 


14. 


15. 
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1905. 
Nov. 29. By received from State Treasurer..................... $73 77 
sf es e SE a Ee Nd eg eo) a 21 20 
L me : 2. lg ORG R RCA Mae ae enol At iN 25 O00 
+ cpl TEES TARE CAA ee Ri, Ue 21 28 
4 a ROW amerneee Dy Ae ed ee tear PeeN 36 05 
cS “ : Lei Suen ees OP ACER SR St AARP one Ee 22 56 
ae oe Bo bag tS ee Bienen teks eel eens, Bee 28 28 
fe ss . aida fet Ae se Aad vig tod dae AS 19 60° 
gS ef a Sen MENT LOM Eee ADA Sea reat a Oh 100 04 
Bec.” 1: et a SPP (fess otter; Salvi ses. 30 00 
6. e a MRA a | Be eos tue 61 87 
14. a 4 LOD VE Cet ther tee Oy Sectohe, Cae ae Oe 38 49 
e oe H pee Dua neg s¥ate neler Lecsucneae Seis, 3 ers 41 67 
15. a ss se EO a Tes ee eee 45 06 
20. ou ck Ie Fee Gy seinen eC tee 48 27 
27. " a pila | atic went eta ne Sic 10 20 
ee ge ee a A ea org aod oct 10 40 
¢ ue ii NM le cstktos cack er it At ac ee ee 84 50 
a ie ad (asic ee Ae aos eee aa 69 80 
$7,583 05 


The remainder of the report includes an account of the work 
undertaken by the Commissioners during the past year, which may 
be tabulated as follows: 


First. The stocking of our ponds and streams with suitable 
fresh-water fish, through the distribution of fry. Page 13. 

Second. The collection of data and statistics relating to the com- 
mercial fisheries. Page 15. 

Third. The location of fish-traps within the waters of Narra- 
gansett Bay, and the collection of data bearing upon their ownership. 
Page 21. 

Fourth. The continued examination of the physical and biological 
conditions of the waters of the Bay, begun in 1898. Page 29. 

Fijth. A continuance of the survey of the shores of the Bay, for 


the purpose of determining those portions which are most productive 
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of seed-clams, those most favorable for the planting of clams and for 
the distribution of lobster fry. Page 103. 

Sicth. The continued investigation of the life-history of the 
clam. Methods of artificial propagation and cultivation. Page 105. 

Seventh. The efforts to prevent the illegal taking of short lobsters 
Page 110. 
. Eighth. The propagation of lobster fry for the purpose of in- 
creasing the supply of lobsters in the waters of the state. Methods 
of artificial propagation and cultivation. Page 111. 

Ninth. The continued investigation of the life-history of the 
lobster. Page 153. 


The list of members of the Fisheries Commissions or Departments 
of the United States and the several states and territories, compiled 
by the United States Bureau of Fisheries, is submitted in Appendix 
A, and a copy of the fisheries laws of Rhode Island is given in 
Appendix B. 

Respectfully submitted, 


Wm. P. MORTON, Secretary. 
December 31, 1905. 
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I. Tue Srockine OF OUR PONDS AND STREAMS WITH SUITABLE 
FRESH-WATER FisH, THROUGH THE DISTRIBUTION OF FRy. 


Trout. 


Your Commission has purchased 48,300 yearling trout, and these 
have been placed in suitable streams throughout the state. The 
distribution of these fish in the northern part of the state was in 
charge of Messrs. Roberts and Boardman; in the central part, of 
Messrs. Root and Morton; while Newport county and the southern 
part of the state were cared for by Messrs. Southwick and Willard, 
respectively. 


Bass. 


During the year 1905 we again received, through the kindness 
of the Bureau of Fisheries of the Department of Commerce and 
Labor, a consignment of black bass. In all 700 small-mouth black 
bass and 300 large-mouth black bass were distributed in such ponds 
as are known to be suitable for the propagation of these fish. This 
number is slightly larger than the number received last year. 


Pickerel. 


A slight addition to the General Laws of the state was made by 
the General Assembly at its last session, to make the taking of 
pickerel under 10 inches illegal. A copy of the law follows: 


CHAPTER 1125. 


An AcT FOR THE PROTECTION OF PICKEREL AND IN ADDITION TO 
CuHapreR 171 or THE GENERAL Laws, ENTITLED “OF 
CERTAIN FISHERIES.”’ 


Section 1. Every person who catches or takes from any of the 
waters of this state or has in his or her possession any pickerel less 
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than 10 inches in length, shall be fined five dollars for each such 
offence; but any person catching or taking any pickerel less than 10 
inches in length from any of the waters of this state and immediately 
returning the same alive to the water from which taken, shall not 
be subject to such fine: The possession of any such pickerel not of 
the prescribed length shall be prima facie evidence to convict. 

Sec. 2. This act shall take effect upon and after its passage. 
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II. THE COLLECTION OF DATA AND STATISTICS RELATING TO THE 
COMMERCIAL FISHERIES. 


It would be impossible to estimate at all accurately the total 
amount of fish caught in the waters of the state. The nearest to 
accurate data that can be obtained are those derived from the books 
of the transportation companies. The tables here submitted show 
the amount of shipments and the yearly variation in shipments 
from the city of Newport by regular transportation lines, but are 
no indication of the total amount of fish caught. 


Table Showing the Number of Barrels of Fish, Lobsters, Crabs, Clams, Sounds and 
Roe Shipped out of the State from Newport by Regular Transportation Lines. 
Also the Number of Swordfish, Horse-Mackerel, Sturgeons, and Sharks 
for Each Month During the Year 1905. 


| 
| 
| 


ed os - | ees bie a 

a | do | 5 [go | g2|a°|ga) 272 |2a) gan 
January..... 1,264; 202)..... STN <7 Al Gnck al | eB Cock ol | Sha dl Beemer be) 
February.... 312) ewe eee See E Pe Set alte c 9 ona: Paty cee 2 
March....... Alig MOAIS. 22° Sire ellseme ck male sty: f ee AE ee ene 
Aer 5. 44g) 72102. bord set MCE Tels aaa: 
Borg.) 10.467, 2122) ous. Speen Millie tea thes tee 58 Wwe "lielll acy ane 
ume it 16,064) 105 18 Sakic false) Mc OF 6 3)1 Porpoise. 

Gaby ses) 2: 3,961 91 SVAN UO Ess aides 611 80 3/1 Shark. 
August...... 5,104) 104 By alg es alle aoc 22 Tate gel teak eas 2 
September... 3,559 7 V5 24 7 3 AA | eet hs Sali. 5 ae 
October..... 4,087 Zita aDipns 6 IS aeaees 2 Days 5 - tyes) 
November. . . PN TASV le cio 1 6}. PAN Ae ANE? eae Sere N 
December.... 1,600 AGiigw 1}. Ley Sesestresl Cos, Al eae fot eee ep 
otal. 4. 50,127| 977| 122| 80| 23| 3] 723| 91 | 26l.......... 

| | 
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Table of Fish, Lobsters, etc., Shipped from Newport by Regular Tereapaeetion 
Lines Out of the State for the Past 18 Years. 


Perle S nie) Soleo) SL Bat ege ll gall eeMiemales - 

rs ce o | 3 | @l/ ov] o | 2S | 2e/28|23| ce 

E ae | & | 8 | 8 188] 8 | 88 | 86) gs) ba) Ba 

fQ Qn pQ ~Q OQ ifm| wa Zn | Zo An Za. | 4M 
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BOT. ee: 25,098), 2,039] 2. isle cha El eee ec) Ab ee a eee es 
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1902.2... 53,986} 4,342].... Tee (RRC emt" er 72) Ye [> 
1903202. 54 SSAl- VATA. Le S84) Bl) Je a eee 4] oT eat eee 
1904..... G2 106) LOFT)! ASE CAs A8|0 Sale ieee eae al eee 
1ON5. 50,127 977\..... «|. 122] “S0l! 23 es) yea) 90) 26) ie 
Total..| 595,428) 43,902) 18] 252) 88] 23]  3/2,231) 506] 37) 1) 1 


One or two facts are noticeable in these tables. First, the number 
of barrels of fish shipped in 1905 is less than for any year since 1900. 
This does not necessarily indicate any particular scarcity of fish, 
but merely that changes are taking place in regard to the transporta- 
tion lines made use of by the fishermen in shipping their catch. 
From the somewhat scanty data at hand there can be no doubt that 
the amount of fish caught has not appreciably decreased in the last 
ten years. The gradual development of the crab industry is also 
noticeable. The market for crabs is becoming better every year. 
Your Commission believes that, as the lobster experiments are now 
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on a firm foundation, attention should be paid to the crab question, 
which in the future is destined to become more and more important. 
Another striking fact is the rapid increase in the shipment of sword- 
fish. Each year finds more boats engaged in this lucrative fishery, 
and the fishes were more abundant this year than usual. The 
market for horse-mackerel, which are still abundant in offshore 
traps, and sturgeon, is also developing, and it is only a question of 
time when the demand for sharks and dogfish also will become 
insistent enough to attract the attention of enterprising fishermen. 

It seems strange that, as yet, no one has undertaken the capture 
and marketing of the tilefish. In these days, when everything that” 
comes to the hook is game or food, the neglect of this abundant 
supply of fine food fishes right at our doors is surprising. The work 
of Dr. Bumpus, formerly of this Commission and of the United States 
Bureau of Fisheries, showing that there is an abundant market 
for this fish and that it can easily be secured by fishermen from this 
state, which was fully described in the 29th Annual Report of this 
Commission for 1898, seems to have attracted scarcely any attention. 

The codfish season was better than usual this year. The scup 
season was poor. The scup season at Block Island lasted several 
days later than along the shore. This may be accounted for by the 
later season this year, or perhaps because of the large run of pollock 
which occurred offshore from Brenton Reef to Sakonnet about May 
15th. This was the largest run of pollock for years. - The flatfish 
season was also very late, extending into May. 

On the whole, the line fishing in the bay was good; tautog, sque- 
teague, scup, and flatfish were fairly abundant, and, for the first 
time in several years, bluefish were taken in the upper waters of the 
Bay. 

The menhaden season was a poor one. The factories could not 
pay dividends. The epidemic among these fishes during the summer 
of 1904 may be to blame for this scarcity. Plans were made to 
continue the study of the disease this year. It was expected that it 


would recur again, but these expectations were not realized. With 
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the exception of a few dead fish found in the head waters of the Bay 
and one or two living fish showing symptoms of the disease seen in 
the neighborhood of Pawtuxet on June 9th, and one at Wickford 
on June 15th, no cases were observed. At any rate, menhaden were 
not nearly so abundant in the bay in 1905, and this fact lends credence 
to the belief that the epidemic was but the result of overpopulation, 
the effort of nature to regulate the overabundance of this particular 
fish, and was only indirectly due to pollution of the water. 

The scallop fishery this year was again practically a negative 
jduantity. There were no scallops in the bay. It will be recalled 
that in 1901 the set was so thick that, in the late fall the shores 
were actually lined with the shells of those which had been exposed 
by the tide and then chilled by the cold. These, of course, would 
not have been of marketable size until the next fall, since the seed 
scallops are protected by law. Unfortunately, for some unknown 
reason, there was not much of a set in the summer of 1902, except in 
Greenwich Bay. In the fall of this same year the scallop fishing 
ended two months after the beginning of the open season, because 
the scallops were practically exterminated. The winters of 1903 and 
1904 were unusually severe, and seemed to still further decrease 
the supply of scallops. This season there has been no scallop fishing 
whatever in the Bay. Only one place has been reported where more 
than one bushel has been taken, and that was near Fogland Point in 
the Sakonnet River. The winter up to February has been unusually 
mild and the men along shore report the occasional finding of con- 
siderable numbers of scallops, which have worked out from some 
unobserved spot in the eel-grass. This seems to indicate that 
enough are left to replenish the waters of the Bay if given an oppor- 
tunity. 

It may be that the previous two winters have been mainly re- 
sponsible for the great reduction in the number of these shell-fish. 
It is our opinion, however, that unrestricted fishing has been the real 
trouble. Such an important industry and such a valuable food 


animal should not be allowed to pass away without some efforts to 
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prevent it. A few close seasons would undoubtedly enable them 
to gain a foothold again, and then, with proper regulation of the 
fishing, they could be protected from complete extermination. 
Your Commission has made some efforts toward planting scallops 
in favorable places in the Bay, but as long as fishing is permitted to 
such an extent that all opportunities for breeding are destroyed, it 
will be impossible to get results. 

The following table indicates the amount of the lobster catch for 
the year 1905, as far as can be estimated from the reports of market- 
men and wholesale dealers. It will be noticed that the amount of 


lobsters has increased 122,296 pounds over last year. 


Number of Pounds oj Lobsters Caught in Rhode Island Waters for the Season of 
1904 and 1905. 


Fish Markets. 1904. 1905. 
Burunpame «& Carey... 1.2.66 2c. dae 12,000 Pounds. 8,079 Pounds. 
olictsonrenMewit. «snake sty eee ae TOOCO Re MES(OLOL0)) = 
TEN TLAT Ue. Gate a ata sane 6,000“ 8,000 « 
RIMS rr Pa eey Ss). xis Here uetatd fv 9,000 “* 8,004 : 
Petteme ee re, Fe. ee ke Ss S00” ° oO) 
SULT FEW 0g ee aa OH 00M: 10,000“ 
BES LELDOOMS SIN tata. > cla owls es ston es SO 65250 
LNG I ay: BX AS See ede Rie ee Ree 15 000m) S 20:63600) us 
LADEN STS SSSI ie need re ene eee er cane SMO UO), OF Me rs we imictlo oe 
TOES sho IS Ae a Be ce ety oh SIC UM ME eeu eI Aa 2 8 ee 
Bee PAMOERSON GS. < 6s tu as ccae WA ce bet 34,074 “ 31,965 Pounds. 
ERE CGINMe ct «Gens caMll. occas ee sys oes LES 4500 147,484 
Saloons and Restaurants............... G00R T= 45,436 
Sakonnet, | 
ee, 4 about cee sci 150,000 a iN Be Pee cUmEnnES, 28 3 
Narragansett Pier, | 
Stole aravnigte Ss dip he eH BE © nace Gl i ie a ee 97,641 Pounds. 
Block Island, 

WaVeaicelay TS UTE BOP Pah Ree) occa ee eet ee nr ae a 100,000 “ 


Narragansett Pier, 


PBR oxteil kre) Rete ei WED at) mews Serhan HF 377,004 Pounds. 499 300 Pounds. 
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Number of Boats Engaged in Lobster Fishing in this State for the Years 1904 and 


1905. 
SAILBoatTs. Rowsoats. Ports. 
: : l 

1904. 1905. 1904. 1905. 1904. | 1905. 
LS) DIRT PLC Fie gle eae Ree | 36 36 35 30 5,000 6,050 
INREPACANGCLL. 02 2. 2 ee ae a 3 2 3 2 400 3900 
HINCerstOWMess sess.) cate. 1 1 2, il 150 100 
Sknlayaina pis yes Lee RR So | 1 1 5 5 250 250 
| TEST RUS Ga eo ees 4 0 2 185 260 
Witenes 26 oo. eee 2 1 0 2 180 200 
Ginger TESTI AY 4 Cig a heats Sanches ne kate@ 0 il 1 70 70 
WV 09) 8 Diy a ee aI | 1 2 4 4 400 400 
Tock wWslamcinn s: y-ss..1s. ese, os eee | 48 8 0 2 1,200 1,200 
RIENCE LOWE pees ute ok thse ae 0 3 3 100 100 
RointG gudiGhe. ss. ees ss ok eee 0) 0 0 3° Al Ae 200 
MoOtalesee .| 55 55 53 55 7,935 9,180 


| | | 
| Crates. | Pounds. | Shorts.* | Ege. 
| | 
ABECerber Neen civ, ystems Ly gt) Ares al G47 | Suee 
PTAMUAT Vso ie tone (5) 8. sess aca See ly ooo, |". 68,;¢%0)) 4,110 50 
BEMMIATYy. ces 3 YAS a ee | Tbs) 267A7bel 1627 6 
PiserGlre sc) tie jae Gon alle | 320 56,600 800 10 
52h) amen i Ga 28,175 330 8 
CLES oj iM Ek e262 45,850 | 1,421 58 
(OTE SS ds MAP 194 33,950 235 58 
SOE QS cs ass wk a soe ae anes 1,756 | 307,520) 5,170 212 
RG raOOME: ii. rk 2,209| 386,565 | 4,577 | 116 


*The short lobsters in the above shipments were seized by the deputies and liberated in 
Rhode Island waters. 
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III. THe Location or FisH—-TRAPS WITHIN THE WATERS or NAR- 
RAGANSETT BAY, AND THE COLLECTION OF Data BEARING 
UPON THEIR OWNERSHIP. 


A glance at the table giving the number of traps for each year 
since 1898, which is appended, shows that there has been a steady 
increase in the number of traps in Narragansett Bay and vicinity. 
Whereas in 1898 there were 119 traps, in 1905 there are 240. Sub- 
tracting from the latter the 6 which were set off Block Island, and 
were not included in the earlier reports, we see that in the past eight 
years the number of traps lacks only four of having doubled itself. 

The depletion in the amount of fish caught, which it was feared 
would be the outcome of extensive trap fishing, does not seem to have 
taken place. It should be remembered that the amount of fish 
caught this past year can not, with any approach to accuracy, be 
compared with years more than a decade ago. For the earlier 
years we are mostly dependent on the memory of the fishermen and 
not on any reliable records. Allowing for fluctuations from year to 
year, there can be little doubt that the amount of fish has not ap- 
preciably decreased during the past ten years. 

The distance which the traps have been placed from shore has 
increased very markedly. The immense traps of the Fisheries 
Company last season extended in an unbroken line for a distance of 
three miles from Sakonnet Light, and the results of the past season’s 
fishing have caused the fishermen to decide to still further extend 
their traps in the coming year. Offshore fishing has also been carried 
on later in the fall with good success. 

The principal items in regard to the past season’s fishing are the 
lateness of the season, both in time of commencement and length 
of run, and the unusual abundance of pollock and horse-mackerel. 
It might also be stated here that the impounding of scup which has 
taken place for the last few years seems to be of benefit to the scup 
fisheries in an unlooked-for manner. The scup which are thus 


i) 
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impounded are full of spawn and, being retained for some time, are 
compelled to discharge their spawn in Rhode Island waters, the 
traps often swarming with fry. It is the accepted belief of fish 
culturists that fry hatched in one place tend to return each year to 
that particular place. If this is true the impounding is greatly 
beneficial to the scup industry in our state. 

The location of the traps is shown in the two accompanying charts. 
(Charts I and II.) 


TABLE SHOWING NUMBER AND GENERAL DISTRIBUTION OF FISH— 
TRAPS SINCE 1898. 


The following arbitrary divisions have been made for the sake 
of convenience: 

I. Providence River.—South to a line joining Warwick Point and 
Popasquash Point. 

Il. Greenwich Bay.—South of Providence River division in west 
passage to a line drawn east and west touching southern part of 
Hope Island. 


Ill. West Passage.-—The west passage south of Greenwich Bay 
region to a line drawn due west from Beaver Tail and west of line 
connecting the east end of Greenwich Bay boundary and North 
Point. 


IV. Mount Hope Bay.—North of railroad bridge, Tiverton, and 
a line connecting Bristol Ferry and Muscle Shoal Light. 


V. Hast Passage.—South of Providence and Mount Hope Bay 


divisions and north of a line from Beaver Tail to Brenton’s Point. 


VI. Sakonnet River—The Sakonnet River south of railroad 
bridge to line connecting Flint Point and the breakwater. 


VII. Off Shore.—Traps south of above divisions and not including 
Block Island. 


VIII. Block Island. 
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/ o = 1 8, z | 
5: 3 2 = OE 4 ¢ = 

30 Od 3 Solbs ao as 2 = : 

YEAR. ‘C5 EE + ER Se ee: 7 < 3 

BR E z 3 3 af 4° E Z e g z 
1898.. a 6 26 9 34 15 ZO [end at 119 
1899.. 3 10 23 11 35 15 DAr hie 3 121 
1900.. 4 16") -24 16 34 12 Pee eae 135 
TOOT... 7 15 24 13 52 | 14 DO eae 151 
1902... 6 22 27 13 52 14 PAM SA eve 161 
1903... 7 21 32 13 72 16 OR hao eae 195 
1904... 6 27 33 7 78 i 14 49 6 220 
1905... 6 26 33 1 SP ia) BO |e 6 (ReaD 

1905. 
Off-Shore Traps. 

MGT SERS SD CS ee ee ee South Cormorant Rock. 
Panera (UOT) ek ness: «oS eaewe oe ale wis. Seal Ledge. 
LCLTELLSCTTESCPO G0 0 eee Below Bull Rock. 
erie Vay he cos clas. fe Paes de as Below Cormorant Co. 
EeePC 7d ek le as eee ee et as Lower Pier. 
RG MBeMO Nl AMC rc ia cll els nae aac de. .North Pomt Judith: 
Peewee ATES fc S.aeae batt ra AN es 8S. Coggeshall’s Ledge. 
rommenersames! (OO): - 25 dottgn c's o-r6e'e oo dca os Halfway Rock. 
tern tmbamen CCL seth c: tte Metis cos Ohta Nie, a of spouting Rock. 
OTe ELRy ales aS SSS oO ae it te en nn Lower Pier. 
JUL 4k, A aa ol Pe in Cece South Lower Pier. 
DEGREE DR Soe is) < Be gales, Av oe Oke Ls eos * Coggeshall’s Ledge. 
ULE 4s Sa eee  e Coggeshall’s Ledge. 
COON oe Ls Cormorant Rock. 
Opmaer ry ten sue ra st dss .-s,.North Sakonnet Light. 
Diesen eee MOM aaa yay oka oe Foie Spates © 8% Price’s Neck. 
UVP itora e150 OR ewe i ee Coggeshall’s Ledge. 
Fisheries Company (00000000)....................Sakonnet Light. 


*The ciphers indleate the number of traps set in line on one string of leaders. 
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CET, ord LE re a a cn RR RE Narrow River. 
Grea! le Lice ES ei arene area ane ames id Pane eg Sakonnet Light. 
ie OUeit) 2/2 Fg 0 6 Lae Ae rae een ae Se South Breakwater. 
Lc Gloire) BRS lead Re rr ee Sakonnet Point. 
Macomber & Simmons (00).............. Below Coggeshall’s Ledge. 
eeovadence Bishi OO... 2.0 sccp bese cin be Ses South Cormorant Rock. 
Provadence ish (OO) 210.2 fe ey . bs sere wie West Sakonnet Light.. 
TPO Ea Dat), SRS Ee cote ed Se ee Below Cormorant Rock. 
Theta, TRB et to ee West Cormorant Rock. 
ease eo Anti: eo fk oa Aa South Cormorant Rock. 
Riese, (Creve (010) Aenea North Sakonnet River. 
Sakonnet CISTERN Say a Below Cormorant Rock. 
SAO TDIN De \ OMUS 12) oll O70 eas ant ae eS Sn 7: . .Seal Rock. 
SeiommeriOvaber OO. (00). wc dene e's 6 + + cle wl Below Seal Rock. 
SpIUGDOTL, do 2S See eee ae South Cormorant Rock. 
TB, 5 at teal A aR ee West Price’s Neck 

SME eee on citnd seiioer ts el. ete Breakwater 

Wy L085 LEDR (CLO) eas cs aa a a East Cormorant Rock. 
UN TUG, 1B Ls ite i ag ala A South Cormorant Rock. 
GSO SS, LE leetot ed a i  Ps South Warren’s Point. 


Other Traps. 
PAMGeRSONE O. Bos... eile eek ee ee le oe ORCI T OMIM eanes 


JEG (BIS ORR ENS er Coddington Cove. 
emo CLD) ae i re North Prudence Park. 
Peat Ge ne red nhs tess «ie ar. x 3 = eee Pine Hill Point. 
SURMMIPIREET GCOTEE.. 5 oie iis ce ee ee ies os South Ferry. 
CoreyerHid: (00000)... .2.2..... Lower West Shore, Sakonnet River. 
(Comer. Bid 22 2S eA yr 6 Church’s Cove. 
Corre viarnin (OO) Saw... sa. te. es teenie High Hill Point. 
Corer Martin (O000) is ess. ee North Brown’s Point. 
Coreraocmveamiim (OO). e2)e degts <io ohne gse nd eos South Brown’s Point. 
GIL Hr] S10 geet ea ae a West Popasquash Neck. 


COREL SSE Ee ea a ee West Popasquash Neck. 
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Eo i oon SUNRISE STO al ea A West Popasquash Neck. 
PERL Tye Laci aaa Aim Ok Shak kins A West Popasquash Neck. 
UUEGIE, Be he a Liss). hs chews we «sy MOtint) Hope Point, 
PORE LES 1S oa Gia eee er otit elect aha’ af ofa! sheds aca South Mount Hope Point. 
OUTS A Pema ee oes Ao Aas Upper East Sakonnet River. 
COULSON Me se Wi ws Siege new ad ead s North Pine Hill Point. 
COLnPONmMPECR SRA Sak hia Tea Al Vagaed nds Aves North Tiverton. 
GU ECUM to). hick VRAD AWA eae eee North Tiverton. 
TEN Ay Bint er hls hae, CATE Ota at bie ey he Island Park. 
EON £ G MIG AAS koa N a eek Ree tetas tAeS South Portsmouth. 
ies CAPONE EAC Lhasa kaleae koh adclanenataladghods ates a -eeceyeaktadl North Tiverton. 
LEU UU Cn eC North Tiverton. 
PT PPMRS MUI I 1 sy a5 8c8a Sg ae Tadp held ad eine lecdtone OY North Tiverton. 
JL CORSE 1) RS Ss Be Cane McCurry’s Point. 
0 SAEs aA NG 2a (0) enn Castle Hill, South. 
TNE 101) i a oe a eee re eras North Wood’s Castle. 
Grays res) (00) seo... ee Se Oe ae Ae North Wood’s Castle. 
oa hy, iin soto) Ae ee North Wood’s Castle. 
oe EU (000) ee South McCurry’s Point. 
preayy ExEele COUUU fant xsr) Awad) again oot ane) hs West Prudence Island. 
Ram TO SON sia JI dials aif Wei alates» Southwest Prudence Island. 
Harvey, Charles.......South Coal Mines, West Shore Rhode Island. 
PUPA rs ecis bstelep neat shesciiatnieis 6 Page OR GE Wak Castle Hill, South. 
ME ORDEAL SG Nee ASCs det AA MCLG MG hk oooh or wa! Taylor’s Point. 
NE OC Ue i sae a eae aera REG Sa at bil ede Jamestown. 
PREC METER Fs fe oe RKA a aA. baa kt does» Mackerel Cove: 
TI 67 2 95172) | ed North Pine Hill Point. 
(ody Lee 2 UR Oe a ee ge Fogland Point. 
DORMER OS ben BOE ens, fats Ks eh i rarstale da edie! caro -o'e's 4 dies Fogland Point. 
Be ere PEE acd ec pies kes a sa ee Fogland Point. 
Pile Gee OMG GPO ened. ic diare ice ie nctee ele event Hull’s Ledge. 
LY ete eee pe An) Conanicut. 
icalce: GW CRE GE AIGMUM EL Cech ere: csd cc vis tatesave te tale ela lpnle e's Quonset Point. 
AKG Ge MDE TAD iy ooh oe nce ee ieste es Clark’s Point. 
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Tereyrtommplabterer es. kif Se pon ei a oti, oe eee Mackerel Cove. 
DaieeOM erat Ase 2 ats Deng ee eae eles Oe ER Mackerel Cove. 
Mo NPO RIPE RR Peel aielile EN G's ila ee Rec e AN ee Feo crete ane Mackerel Cove. 
Heatompeey (OO. -t\fiakinn Seen eek ce he neers Brenton’s Cove. 
Meare aetna ch if sr seat AlN, 2 we hen tthe 2,» Wis Sle bila ores Mackerel Cove. 
Ari BO TAO bec Os) bre: 57 Lone Ramee Aegean a. 8M cae a Castle Hill. 
ewaswenQunerge: .'! 2 te home meyiine | cap ei ene rate 45 8 Scragg Rock. 
Penviswbs Oe RTE. hs Le Rema po. 50 ess seer peste meek Scragg Rock. 
etyris Hono UMTS s 6.42 esearch ec sic a alee ar eh eiees North Old Ferry. 
MSHI TO LMOTE ns Aero ah. eoe.s ays w to's Re ee Packard’s Rocks. 
Mewisverobmense OU). sere sss . st +4 5 0h See ee cle Wild Goose Point. 
Wewaswbroutensmt etch ..c!, 205. 72 0 s's a eee eee ee West Vial’s Creek. 
ecw RUE Se 6s; s)s 2 xs sieoo!s « he cheteaneheranstete Dutch Island Harbor. 
1 Desig: 15.015 |) eR North Dutch Island Harbor. 
WfenisMerrGuMmencio. 2's... v/s > lena seep etenek De The Hummocks. 
Es meenammene 5. ha0k of. whole ln ays crank g eee reeeae eee Sandy Point. 
TeeyriennOMeRs i /5.:.04 . se Seg Lal oa. os wea: RS Noe OM EL Sandy Point. 
Mey ROBIE SS ¢ 52% sony We Pea are oI re ede Fowler Rocks. 
Menem alll (OOO) ¢!.e2s.4-c.ceis.sct le ed werner cee South Fogland Point. 
evar be(Q0).... 00sec es vee eee North Brown’s Point. 
ILGKELES MGT SUMING 1 Se Rice nM So WEE UO fA Buttonwoods. 
Ngemermmoses .... 1 (4% odotht (eek had Ne ate Chepiwanoxet. 
Min emerInpCleT « ::.r:.5 sire) Gh ape OPS glameeee pe alee oie VErre oles Buttonwoods. 
Miieiemmeeneber. oo. 2d oe eee eis OCs Rebs eRe. «i Buttonwoods. 
Meamenmecter A. (00) 23 dcesescdcoetincacrcy ae ia set oe South Sandy Point. 
MamenesnervA. (O00) 25.444 ee a5 ass as rare North Sandy Point. 
Vie SRT AU)... is Sie BAe Pane oe eee pace cio Ree ne TE Quonset Point. 
INERGMESSRETAOID:. .... .. .)0cc, cin peeeelGy a gcercninl ed aaa eras Vial’s Creek: 
Walhestannpmeres cies... ss oie eet ane plete a's ele Ghelemeenenin oe enn Fox Hill. 
Waist) 6 5 a etme hepeltarerey Set heme tt Conanicut. 
AVEC nes PT MOO). 5... wien aoe ene) wanlinneh ps aleier she North Prudence Park. 
Mirelae tipeiirrmenie s,s a+ oie chelate RRR ee SEE South Pojac Point. 
Meous Eropmersae coe o's p+ ocx palace pata oe North Mount Hope Point. 


Nor Php UME OMe eet eo ese PREP  Oere Seree Austin’s Hollow. 
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Pane LE Lai Crawl! Ld! Oise cnc ee tee nes Wood’s Castle. 
SSS RISING coo). ace eo Warwick Neck. 
Prese)-GCOTHE. .. A:cyaenes oe etl Upper East Shore, Sakonnet River. 
Prose, George: Sea ate. iain Upper East Shore, Sakonnet River. 
Beane, ‘(reGhie meme es fx hunt 6 ae ep ieee North Breakwater. 
Rose, GeOnse aie solos iinet, 1. Orth Mount Hope: Point: 
FRC apres PAT ia 5oc28) sins) hermetaal ate saramole North Mount Hope Point. 
RUG ARO Fite i ietsscrshorona: Upper East Shore, Sakonnet River. 
2055 Jt 0. ge ree Pareto: 6b, AN eee eee eee South Stone Bridge. 
Nese 01: pe Pee oe ka Upper East Shore, Sakonnet River. 
EUG REL aL (OE BES eee Ps eres cca dtere eis ot North Sapowet Point. 
LEST STS Ry WN ee ea ae eae i ae South Sapowet Point. 
JU GEE yrs 27 (CN S00) aia oe South Sapowet Point. 
SPEND) oot ee A ee ve oo Mere es: North Point. 
DV ETLERT EIS RNC SS a a) Pe Poplar Point. 
oo SSCS ita he Oa Rc ee er South Greenwich Bay. 
Bre STO GHELS Ba 21. eon fo w cyerams dccchen Shoe. S. E. Point, Prudence. 
sida Uke e (ye) 08) sia) ea a a a S. W. Point, Prudence. 
Siltvt BIS h70\ dots) 2s eae Oe a rn cr East Shore, Conanicut. 
Seitetl eTOMETS ey ae A) Arter S ck. viens hea East Shore, Conanicut. 
SI HAA a] Ua ie aie ea Se) alee a lg a Fox Island. 
peters Wises! Sim aE abe eek Ks nd Dutch Island Harbor. 
S/SHNEL 2, go (RAD OC ogee a se Fox Hill, North. 
ETRE Rou 2 NRO eRe ACM oe ne North Tiverton. 
pamenanin an ew hs Fy een tos Sa La ee ee Corey Wharf. 
MUIR Beha cl oa es Ghent Reka chiens ats hese be South Black Point. 
ai Grate Se eee Oe A Peds es ...Flint Point. 
ES UUGISIS GA ase a coca ae Warwick Point. 
MIME EG eh od ashe coalesce es ....Austin’s Hollow. 
gb vig he Si) he VAG OEE OA ee ee Beaver Head. 
A Guraces Pee em es ia hte es eae ee South Saunderstown. 
Baila.) EI) (UG Ys sao merce Sa ei as South High Hill Point. 
ESET Tee 2 oo South High Hill Point. 


Weileemeatts 306-5.) .:. rae i nS Se Church’s Cove. 
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Cuart 1Y.—Showing the average temperature of the sea-water at the Wickford Laboratory of the 


Rhode Island Commission of Inland Fisheries for each week in 1905. 
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Cuart VI.—Showing the specific gravity of the sea-water at the Wickford Laboratory of the Rhode 
Island Commission of Inland Fisheries from March 27 to May 20, 1905. 
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Cuart VII.—Showing the specific gravity of the sea-water at the Wickford Laboratory of the Rhode 
Island Commission of Inland Fisheries from June 18 to August 8, 1905, 
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IV. Tue ContTiINuED EXAMINATION OF THE PHYSICAL AND Bto- 
LOGICAL CONDITIONS OF THE WATERS OF THE Bay, Brecun 
IN 1898. 


The following charts represent the observations made during the 
past year of the air and water temperature and the water density. 
Some of them cover only the months during which the lobster 
hatching was going on, while the observations of water temperature 
extend over the entire year. (Charts III, IV, V, VI and VII.) 


As a beginning of the report of the examination of the biological 
condition of the Bay, two lists are appended, one of the shell-fish or 
mollusea which have been found in the Bay, and the other of the 
fishes which occur in Rhode Island waters. 

The lists have been prepared by collecting all authentic observa- 
tions found in the literature and adding to these all data in the 
hands of the Commission. 

The list of mollusca was prepared by Mr. E. W. Barnes and the list 
of fishes by Mr. H. C. Tracy. To the list of fishes is added a short 
illustrated description of the Herring Family, a group of fishes in 
which there exists considerable confusion as regards the names in 
use by fishermen. 


A PRELIMINARY LIST OF THE MARINE MOLLUSCA OF 
RHODE ISLAND. 


BY ERNEST W. BARNES, 


ASSISTANT SUPERINTENDENT AT THE WICKFORD LABORATORY. 


I. CEPHALOPODA. 
DIBRANCHIATA. 
DECAPODA. 
Spirula peronii, Lamarck. 
Loligo pealli, LeSueur. 
Omnastrephes illecebrosa, LeSueur. 


Il. GASTEROPODA. 


PULMONATA: 
BASOMMATOPHORA. 


Alexia myosotis, Draper. 


Melampus bidentatus, Say. 


OPISTHOBRANCHIATA. 
NUDIBRANCHIATA. 


Aeolis papillosa, Lovén. 

Dendronotus arborescens, Ald. & Hancock. 

Doto coronota, Lovén. 

Polycera lessonii, D’Orbigny. 

Tergipes despectus, Adams. 
TECTIBRANCHIATA. 


Cylichna alba, Brown. 


Cylichna oryza, Totten. 
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Tornatella puncto-striata, Adams. 
Diaphana debilis, Gould. 
Uriculus canaliculatus, Say. 


PROSOBRANCHIATA. 


RACHIGLOSSA. 
Turbinellide. 
Fulgur carica, Gmelin. 
Sycotypus canaliculatus, Linneus. 
Turbinella elegans, Verrill. 
Turbinella interrupta, Adams. 
Buccinide. 
Sipho stimpsonii, Mérch. 
Sipho pygmaeus, Gould. 
Astyris rosacea, H. & A. Adams. 
Neptunea curta, Verrill. 
Nasside. 
Phrontis vibex, Say. 
Tritia trivittata, Say. 
Ilyanassa obsoleta, Say. 
Columbellide. 
Anachis avara, Say. 
Anachis diaphana, Verrill. 
Anachis pura, Verrill.. 
Anachis rosacea, Gould. 
Columbella lunata, Say. 
Columbella dissimilis, Stimpson. 


Muricide. 
EKupleura caudata, Say. 
Urosalpinx cinera, Say. 
Purpura lapillus, Linneeus. 


TAENIOGLOSSA. 
Cerithiide. 
Triforis nigrocinctus, Adams. 
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Bittium nigrum, Stimpson. 

Bittium greenii, Adams. 

Cerithiopsis terebralis, Adams. 

Cerithiopsis emersonii, Adams. 
Littorinide. 

Lacuna divaricata, Fabricius. 

Littorina irrorata, Say. 

Littorina littorea, Linnaeus. 

Littorina palliata, Say. 

Littorina tenebrosa, Mont. 
Vermetide. 

Vermetus radicula, Stimpson. 
Cecide. 

Coecum cooperi, Smith. 

Coecum pulchellum, Stimpson. 
Rissoide. 

Littorinella aculeus, Gould. 

Littorinella exarata, Stimpson. 

Littorinella minuta, Totten. 
Hydrobude. 

Amnicola limosa, Say. 
Skeneide. 

Skenea planorbis, Fabicius. 
Carpulide. 

Crepidula convexa, Say. 

Crepidula fornicata, Say. 

Crepidula, plana, Say. 

Crucibulum striata, Say. 
Naticide. 

Lunatia heros, Say. 

Lunatia triserrata, Say. 

Natica pusilla, Say. 

Neverita duplicata, Say. 

Mamma immaculata, Totten. 
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PTENOGLOSSA. 
Scalariide. 
Sealaria lineata, Say. 
Sealaria groenlandica, Chemnitz. 
Sealaria multistriata, Say. 
lanthinide. 
Janthina fragilis, Deshayes. 


GYMNOGLOSSA. 
Pyramidellide. 

Odostomia bisuturalis, Say. 
Odostomia dealbata, Stimpson. 
Odostomia fusca, Adams. 
Odostomia seminuda, Adams. 
Odostomia trifida, Totten. 
Odostomia producta, Adams. 


RHIPHIDOGLOSSA. 


Frochide. 
Margarita helicina, Fabricius. 
Margarita obscura, Couthouy. 


DocoGuLossa. 


Acmeide. 
Acmea testudinalis, Muller. 


III. SCAPHOPODA. 


IV. PELECYPODA. 


EULAMELLIBRANCHIATA. 
ANATINACEA. 
Anatinide. 
Anatina papyracea, Say. 


Cochlodesma leana, Conrad. 
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Thracia conradi, Couthouy. 

Thracia truncata, Mighels & Adams. 
Pandoride. 

Clidiophora trilineata, Say. 
Lyonsiide. 

Lyonsia hyalina, Conrad. 


PHOLADACEA. 
Pholadide. 


Pholas costata, Linnzeus. 

Pholas truncata, Say. 

Zirphea crispata, Linneus. 
Teredinide. 


Teredo navalis, Linneus. 


MYACEA. 
Myide. 
Corbula contracta, Say. 
Mya arenaria, Linneus. 


Glycimeride. 
Saxicava rugosa, Linnzus. 


Solenide. 
Siliqua costata, Say. 
Solecurtus gibbus, Spengl. 
Ensatella americana, Gould. 
Solen viridis, Say 
Psammobiide. 


Macoma sabulosa, Morch. 


Macoma fusca, Say. 


CARDIACEA. 
Cardide. 
Cardium pinnulatum, Conrad. 


Leevicardium mortonii, Conrad. 
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VENERACEA. 
Veneride. 

Cytherea matracea, Linsley. 
Venus mercenaria, Linnzus. 
Callista sayii, Conrad. 
Tottenia gemma, Totten. 
Callista convexa, Adams. 
Turtonia minuta, Stimpson. 


Petricolide. 


Petricola pholadiformis, Lamarck. 


TELLINACEA. 

Tellinide. 
Angulus tenera, Say. 
Tellina tenta, Say. 

Mactride. 
Mactra solidissima, Chemnitz. 
Mulinea lateralis, Say. 
Ceronia arctata, Conrad. 


SUBMYTILACEA. 
Astartide. 
Astarte castanea, Say. 
Astarte quadrans, Gould. 
Astarte undata, Gould. 
Cyrenide. 
Cyclas dentata, Wood. 
Carditide. 
Clyclocardia borealis, Conrad. 
Cyprinide. 
Cyprina islandica, Linneeus. 
Erycinide. 
Kellia panulata, Stimpson. 
Lepton fabagella, Conrad. 
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Lucinide. 

Lucina filosa, Stimpson. 

Cryptodon gouldi, Adams. 

Cryptodon obsesus, Verrill. 

PSEUDOLAMELLIBRANCHIATA. 

Ostreide. 

Ostrea borealis, Lamarck. 

Ostrea virginica, Lamarck. 
Pectinide. 

Pecten irradians, Lamarck. 

Pecten tenuicostatus, Mighels & Adams. 


FILIBRANCHIATA. 
ARCACEA. 
Arcade. 
Argina pexata, Say. 
Scapharca transversa, Say. 
MYTILACEA. 
Mytilide. 
Crenella grandula, Totten. 
Modiola hamatus, Say. 
Modiola modolius, Linnzeus. 
Modiola plicatula, Linnzeus. 
Mytilus edulis, Linnzeus. 
Modiolaria discors, Linnzus. 
ANOMIACEA. 
Anomiide. 
Anomia aculeata, Gmelin. 
Anomia glabra, Verrill. 


PROTOBRANCHIATA. 
Nuculide. 
Nucula delphinodonta, Mighels. 
Nucula proxima, Say. 
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Leda tenuisuleata, Stimpson. 

Yoldia obesa, Stimpson. 

Yoldia limatula, Say. 

Yoldia sapotila, Gould. 
Solenomyide. 

Solenomya borealis, Totten. 

Solenomya velum, Say. 


V. AMPHINEURA. 


CHITONES REGULARES. 
Ischnoidea. 
Chastopleura apiculatus, Say. 
Trachydermon ruber, Lowe. 
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A LIST OF THE FISHES OF RHODE ISLAND. 


b 
PLATES I ro XII. 


BY, THENEY: (C. TRACY, A. Mi. 


BROWN UNIVERSITY, PROVIDENCE, R. I. 


In the vear 1898 the Commission of Inland Fisheries began a 
“svstematic examination of the physical and biological conditions 
of Narragansett Bay.’’ The importance of the study of the fish 
fauna, as a part of this investigation, is obvious from a practical as 
well as from a scientific point of view. Such a knowledge of the 
fishes of Rhode Island waters as would be given by a thorough 
investigation of their distribution, times of occurrence, food, diseases, 
enemies, etc., would furnish a body of facts in themselves of very 
great value to the scientist, to the sportsman, and to the man prac- 
tically interested in the commercial aspect of the fisheries; and, 
furthermore, it is only by the possession of such facts that important 
problems regarding the life history and life conditions of any species 
can be solved. 

Since the biological study of Rhode Island waters was begun, 
numerous isolated facts regarding the fishes of these waters have 
come into the possession of the Commission, some of which have 
been included from time to time in its annual reports. But the 
only systematic contribution to this investigation which has been 
published heretofore is the “List of Fishes of Narragansett Bay,” 
by Dr. H. C. Bumpus, which was contained in the report of the 
Commissioners of Inland Fisheries for 1900. This was a bare list 
of fishes, as the title indicates, with no notes or information regarding 
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any of the species included. The report for 1901 contained a further 
contribution to this subject, under the title “ Additions to the List 
of Fishes Known to Inhabit Narragansett Bay, with Remarks on 
Rare Species Recently Caught.” 

It is the purpose of this present paper to complete and extend 
as far as possible the list of fishes above referred to, and also to 
include under the name of each species in the list such notes as will 
contain whatever information is in the possession of the Commission 
regarding its abundance, time of occurrence, habits, etc. It seems 
best to bring these notes together at this time as a matter of per- 
manent record, although they are necessarily of a fragmentary and 
incomplete nature. They are intended rather as a basis of investiga- 
tion which may result in a future comprehensive paper than as any 
important contribution to our knowledge of the fishes mentioned. 

The original list was intended to contain only those fishes which 
were known to inhabit Narragansett Bay. But it is impossible 
to adequately understand the life history of many of our important 
food fishes, most of which are pelagic and migratory in their habits 
during a considerable portion of their existence, unless the fish 
fauna of the open water is included in our investigation. Further- 
more, the offshore fisheries between Newport and Sakonnet and 
those of Block Island are of great importance to the citizens of 
Rhode Island; and the rich variety of rare species already known 
to have been taken in those waters is of great scientific interest. 
For these reasons it has seemed best to extend the list so as to include 
every fish which has been known to be present in the waters of 
Rhode Island, using that term broadly to include, besides Narragan- 
sett Bay, the fresh water streams of the state, and the open waters 
of the ocean bordering on the southern shores of the state and of 
Block Island. 

The material used in the preparation of this list has been derived 
from the following sources: 


1. The “List of Fishes in Narragansett Bay,” by Dr. H. C. 
Bumpus, referred to above. 


40 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


2. Data gradually acquired by the Fish Commission in years past. 

3. Data furnished by Mr. E. W. Barnes, of Wickford, R. I., 
Superintendent of the Experiment Station. The data secured by 
Mr. Barnes has been very valuable, especially that portion of it 
relating to the more important food fishes. 

4. Statements regarding time of occurrence, abundance, etc., of 
various fishes, made by fishermen and others practically interested. 
I am under special obligations to the Lewis Brothers, of Wickford, 
for information of this kind and for other favors, for which I here 
make acknowledgment. 


5. Collections made at various times in the past, particularly by 
the late Prof. J. W. P. Jenks, and by Mr. J. M. K. Southwick, of 
Newport, Vice-president of the Commission. 


6. Collections and personal observations made by the writer, 
chiefly during the year 1905. Visits were made to the fish-traps 
with the fishermen at various times throughout the season; at each 
haul specimens were taken, and records were made of the date, 
species present, abundance, size, and any other data which seemed 
desirable. The seine was also used in securing the young of many 
fishes and the smaller shore fishes. 


I should add, further, that in several cases references of the isolated 
occurrence of certain rare species in Rhode Island waters have been 
found in various works on ichthyology or in special papers. I have 
made use of these sources also, as a matter of record, giving the 
proper reference under each particular species. 

The material for the notes on the food of the various species, in 
addition to data obtained by personal observation, has been taken 
from a variety of sources. The observations on the stomach contents 
of fishes made by Dr. Edwin Linton, and published in the Bulletin 
of the United States Fish Commission for the year 1899, have been 
largely used. It has seemed scarcely necessary to give authorities 
for statements as to the food of the different fishes in cases in which 
there is general agreement. 
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The experiences of the past suggest the following as profitable 
lines of future work: 


1. Frequent and systematic visits to the traps with the fishermen. 
A great variety of information can be obtained in this way which it 
is difficult to secure otherwise. It is possible by this means to get 
almost any kind of data desired, on such points as the distribution 
of the fishes, their times of arrival and departure, abundance, sizes, 
food, spawning, enemies, etc. Reference to the list of fish-traps 
and their locations, contained in this report, shows that 240 traps are 
in operation in Rhode Island waters, and that they are scattered 
all the way from Point Judith to Providence River, from. Providence 
River to Newport, out in the open water from Brenton’s Reef to 
Sakonnet Point, up and down Sakonnet River, and off the exposed 
shore of Block Island. These traps, being scattered over such a 
distance, where the conditions are so very different, afford a most 
excellent opportunity of obtaining very reliable data by systemati- 
cally following trap fishing in a few chosen typical localities. 

2. Young fishes should be carefully studied. Very little work has 
been done in this line anywhere. Narragansett Bay, which is a 
favorite spawning eround of so many fishes, affords a great oppor- 
tunity for original work in this line. The discovery of means of 
identification of young fishes of different species is a great desidera- 
tum. 


3. The different sizes of fishes caught in the traps at different times 
should be accurately ascertained and compared. This will throw light 
on such questions as the rate of growth, the age of sexually mature 
individuals, the movements of schools, etc. 

4. Study of the parasites of the fishes. These may frequently 
furnish clues to their migrations. 

5. Study of the diseases of the fishes by microscopical and bacterio- 
logical examination of pathological specimens. 

6. Careful observations of the condition of the reproductive organs 


of the fishes at different times to determine their breeding season. 
6 
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7. Examination of the stomach contents of the fishes to determine 
their food. 

8. Use of the tow-net and dredge in the spring and early summer jor 
the securing of spawn. The location of favorite spawning grounds 
and means of identifying the spawn of different species are important 
points to be ascertained. 

9. Study of the fresh-water fishes. 

10. The special study of the fishes of Block Island. This island 
is located so near the boundaries between the northern and southern 
division of the Atlantic coast fauna, and is so near deep water that 
it undoubtedly has a fauna of great richness and variety. There is 
every reason to suppose that it is as favorably situated in these 
respects as Wood’s Hole, where about 250 different species of fishes 
are recorded. Fishermen say that frequently in these offshore 
‘waters they take fish which are new to them, and that they see 


even whole schools of unfamiliar species. 


Above are indicated some of the lines of work which will be followed 
in the future as far as time and circumstances allow.* 

A collection of fishes is also being made which is intended to con- 
tain, eventually, a specimen of every species known to inhabit 
Rhode Island waters.t 

A proper record of the results of future study and observation has 
been provided for in the form of a card catalogue of the species of 
fishes. This form of record admits of indefinite expansion and 
modification for the accommodation of new material, and makes it 
possible to have all the known data regarding any particular species 
readily accessible at a moment’s notice. 

An appendix to the list of fishes is given which contains the 
names of certain species, most of which were taken by the United 


*Any information regarding any phase of this subject, whatever, will be gladly received 
from any one interested. Any facts relating to the time and places of spawning of different 
fishes, and their movements and migrations, are particularly desired. 

+Fresh or preserved specimens of rare and unusual fishes will be gratefully received from 
fishermen or others. They should be sent to the R. I, Fish Commission at Brown University, 
Providence. Record of the date and place of capture should be sent at the same time. 
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States Fish Commission while investigating the extent of the tilefish 
grounds. These grounds include an area between 69° and 73° 
west longitude and 40° 20’ and 39° 47’ north latitude, and are situated 
on the edge of the Gulf Stream, directly to the south of the Rhode 
Island coast. A complete discussion of the tilefish, which is the 
most important of the fishes taken in that region, will be found in 
the R. I. Fish Commission reports for 1899 and 1900, and in the 
Bulletin of the United States Fish Commission for 1898, page 321. 
If any apology is necessary for mentioning the fishes taken in waters 
at such a distance from Rhode Island, it may be said that a knowledge 
of the fish fauna of the Gulf Stream at that particular point helps 
to explain the occurrence of so great a number of tropical species in 
our coast waters, and also that, if the tilefish should become of any 
commercial importance, the location of the area in which it is taken 
is such that it would be more readily accessible to the Rhode Island 
fishermen than to those of any other state. With a few exceptions, 
the species mentioned in this appendix are surface forms. A com- 
plete enumeration of the deep-water fishes of this region would unduly 
extend the list by the inclusion of a large number of forms which have 
a closer relation to the deep-sea fauna than to the fauna of Rhode 
Island. 

Following the list of fishes is a short article on “The Common 


* This has been added in the hope 


Fishes of the Herring Family.’ 
that it may aid in clearing up the confusion prevalent in this locality 
regarding the identity of some of the species of that family. Plates 
have been inserted to supplement the descriptions of the fishes 
mentioned. ' 

In order to make the identification of certain forms easier, plates 
are presented to show a few of our occasional visitors from southern 
waters, and also to illustrate the two species of the sturgeons which 
are common in the waters of Rhode Island. These plates have been 
reproduced from Goode’s “‘ Natural History of Aquatic Animals,” ex- 
cept Plate VI, which was taken from Jordan’s “‘ Guide to the Study 


of Fishes.’’ 
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J. Awnnotatep List or Fishes Known TO INHABIT THE WATERS 
OF RHODE ISLAND. 


In the following list there are arranged in systematic order, by 
families, all species of fishes known to have been found in the waters 
of Rhode Island. In nomenclature and sequence of species, “The 
Fishes of North America,’ Bull. U. S. Nat. Mus. No. 47, by Jordan 
and Evermann, has been followed. The fishes enumerated represent 
84 families, 149 genera, and 177 species. Of these about 30 are 
important food fishes; about 65 may be said to be rare, as far as the 
present records go; of these latter about 25 have been taken but once, 
as farasis known. The type specimens of 6, or perhaps of 7, species 
were taken in Rhode Island waters. 


PETROMYZONID. The Lampreys. 


1. Petromyzon marinus (Linneus). Great Sea Lamprey ; Lamprey Eel. 


GeEoG. Dist.: Atlantic coast of Europe and America, south to Chesapeake 
Bay. 


Migrations: Ascends fresh water streams in spring to spawn. 

Season in R.I.: Rare, sometimes caught in traps in Narragansett Bay, a 
few in Taunton River in spring. De Kay in 1842 described specimens 
from Providence. (De Kay, New York Fauna, Fishes, 1842, 381.) 


REPRODUCTION: Spawns in fresh water in spring, dying after the process. 
(Jordan, Guide to the Study of Fishes. I. 498.) 


Foop: Parasitic on other fishes. 


GALEID4. The Requiem Sharks. 


2. Mustelus canis (Mitchill). Smooth Dogfish; Swilchtail. 
Geroa. Disr.: Cape Cod to Cuba, southern Europe. 
Season iv R. L.: May to November. 
Foop: Crabs usually, also lobsters, squids, annelids and fishes. 


S1zE: Small specimens one foot long caught August 23, 1905; this size is com- 


mon the remainder of the season. 


3. 


4. 
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Carcharhinus obseurus (Le Sueur). Dusky Shark; Shovel-nose. 
Geoa. Dist.: The middle Atlantic. 


Season In R.I.: Very common from May to November in outside waters, 
and occasionally in Narragansett Bay. 


Hapirat: Surface of the open water. 


Foop: Fishes. Stomach contents have shown skates, squeteague, young 


mackerel, menhaden. 


Size: Eight to 14 feet. 


Carcharhinus milberti (Muller & Henle). Blue Shark. 
GeEoG. Dist.: Cape Cod to Florida. 


DeKay describes a specimen 7 feet, 4 inches long, weighing 160 pounds, 
taken at Brenton’s Reef September, 1842. (DeKay, New York Fauna, 
Fishes, 1842, 354.) 


Foop: Fishes. 


SPHYRNID®. The Hammer-Headed Sharks. 


Sphyrna zygzena (Linneus) Hammer-head. 

GroG. Dist.: All warm seas. From Cape Cod and Pt. Conception south- 
ward. 

Season IN R.I.: Not common but occasionally occurring from June to Oc- 
tober. In 1905 a specimen taken August 2, and another reported about 
two weeks later. 


Foop: Fishes, especially menhaden; squids. 


Size: Average 4 feet, the largest reaching 7 and 8 feet; the smallest 14 feet. 


ALOPID. The Thresher Sharks. 


Alopias vulpes (Gmelin). Swing-tail; Whip-tail; Thresher. 
Grog. Dist.: Abounds in all warm seas, especially in the Atlantic and 
Mediterranean. Frequent on Pacific coast. 


Season in R. L.: Rare in Narragansett Bay, but the most common shark 
in outside waters, especially after the scup season. It is a great nuisance 
to fishermen. 

Foop: Fishes, which the animal is said to kill by blows of its long flexible tail. 


Size: Sometimes as large as 300 pounds. 
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CARCHARID. The Sand Sharks. 


7. Carcharias littoralis (Mitchill). Sand Shark. 
Groag. Dist.: Atlantic coast, Cape Cod to Cape Hatteras. 


Season In R. I.: From May to November it is common, but is less so than 
the dogfish. 


Foop: Fishes, such as flatfish, menhaden, squeteague, butterfish, scup. 
Also crabs and squids. 


S1zE: Average 44 to 5 feet long, largest 12 feet long. 


LAMNID®. The Mackerel Sharks. 


8. Isurus dekayi (Gill). Mackerel Shark. 
Goa. Dist.: Cape Cod to West Indies. 


Season IN R.I.: Said to be more common of late years, but not abundant. 
Rare in Narragansett Bay. 


Foop: Small fishes, squids, mackerel, conger eel. 


Size: They average 4 or 5 feet, the largest 10 feet, weighing up to 400 pounds- 


9. Lamna cornubica (Gmelin). Blue Shark; Mackerel Shark. 

Groc. Dist.: Newfoundland to West Indies. Common on Massachusetts 
coast during mackerel season. 

Season In R. I.: Said by the fishermen to be more common than the 
mackerel shark (Isurus dekayi), but this species is probably confused with 
others. 

Foop: Small fishes, especially mackerel. Squids. 

Size: Ten feet. 


SQUALID. The Dog-Fishes. 


10. Squalus acanthias (Linneus). Dogfish; Spiny Dogfish. 
' Geog. Dist.: Atlantic south to Cuba and from the North Cape to the Medi- 
terranean. 
Mierations: Probably moves northward in spring a little after the mackerel, 
returning from September to November. 
Season In R. L.: The last of April or first of May to November. Rare in 
the Bay, but so common outside as to be a nuisance to the fishermen. 


Follows the schools of seup in spring. 
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Hapirat: Open water, following schools of pelagic fishes. 


ReEprRopucTION: Viviparous. 

Foop: Fishes, especially herring, mackerel, and scup. Also crustacea and 
jelly fishes. 

Size: Two to 3 feet. 


RAJID. The Skates. 


11. Raja erinacea (Mitchill). Summer Skate; Old Maid. 
Groc. Dist.: Virginia to Maine. 
Season 1n R. I.: Very abundant everywhere from May to November. 
ReEpRopucTION: Eggs common in August and September. 


Foop: Usually crustacea and annelids, but bivalve molluses, squids, and 
small fishes are frequently found in the stomach. 


Size: Average 1 to 2 feet. One young specimen, 2 inches long, taken in 
trap in the Bay, October 9, 1905. 


12. Raja ocellata (Mitchill). Big Skate; Winter Skate. 
Geoc. Dist.: Atlantic coast northward from New York. 


Season In R.I.: Veryrare in summer. Scattering specimens taken in the 
Bay in the fall. 


Foop: Squids, annelids, crustacea. 


Size: Average, 3 feet. 


13. Raja lzevis (Mitchill). Barndoor Skate. 
Grog. Dist.: New England to Florida. 


Season IN R. I.: Rare in summer when it is probably in deep water, but 
common in spring and from August to October. 


ReEpropuctTion: Eggs found occasionally in September. 
Foop: Crustacea. Lobsters have frequently been found in their stomachs. 


Size: Four feet. 


NARCOBATIDE. The Electric Rays. 


14, Tetranarce occidentalis (Storer). Torpedo; Crampfish. 
Grog. Dist.: Cape Cod to Cuba. 
Season 1n R. J.: Caught off Sakonnet not uncommonly in midsummer, 
where it has become rather common in the last four or five years. They 
run through July and August, coming one or two at a time. 
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Foop: Fishes. The walls of the alimentary canal in this fish are very thick 
and possess great digestive power. 
Size: Two to 5 feet long. Maximum weight 300 pounds; average, 150 


pounds; small ones infrequent. 


DASYATIDA. The Sting Rays. 


15. Dasyatis centrura (Mitchill). Sting Ray. 

Grog. Dist.: Coast of Maine to Cape Hatteras. 

Season in R. I.: Said to have been very common. formerly and as large as 
a foot thick, but are small and few at the present time. Most abundant 
the last part of July and through August and September. 

Foop: Large species of invertebrates such as crabs, squid, clams, sea snails. 
Sometimes small fishes and annelids. 

Size: Reaches a length of 10 or 12 feet. 


16. Dasyatis hastata (Dekay). 
Groa. Dist.: West Indies north to Rhode Island. 
The type specimen originally described by DeKay in 1842 was a female cap- 
tured in September off the Rhode Island coast. (DeKay, New York 
Fauna, Fishes, 1842, 373.) 


17. Pteroplatea maclura (LeSueur). Butterfly Ray; Angel-fish. 
Grog. Dist.: Wood’s Hole to Brazil. 
Season In R. I.: Rare. The type specimen of this species described by 
LeSueur was taken in 1817. (LeSueur, Jour. Ac. Nat. Sci. Phila., 1817, 
41.) In July, 1900, a specimen 23 inches long was taken in the southern 
part of Narragansett Bay by the Lewis Brothers of Wickford. 
Foop: Fishes, shrimp, lamellibranchs, annelids. 


MYLIOBATID. The Eagle Rays. 


18. Myliobatis freminvillei (LeSueur). Sharp-headed Ray; Sting Ray. 

Groc. Dist.: Cape Cod to Brazil. 

SEASON IN R.I.: Not very common. The original type specimen described 
by LeSueur was taken in 1824 from Rhode Island. (LeSueur, Jour. Ac. 
Nat. Sci. Phila., IV, 1824.) DeKay mentions specimens from Rhode 
Island. (DeKay, New York Fauna, Fishes, 1842, 376.) Mr. John O. 
Lewis of Wickford says several have been taken in traps near Saunders- 
town, Narragansett Bay. 

Foop: Chiefly molluses, which they crush with their large grinding teeth. 
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19. Rhinoptera bonasus (Mitchill). Cow-nosed Ray; Sting Ray. 
Groa. Dist.: Cape Cod to Florida. 


Season IN R. J.: Animmense school of these fishes once seen off Block Island 
by Capt. Mason, of Tiverton. Said to have.been more common formerly. 


ReEpropuctTion: Viviparous, breeding season lasting over five or six months. 


Foop: Chiefly molluscs; also crustacea, crabs, and lobsters. 


ACIPENSERID. The Sturgeons. 


20. Acipenser sturio (Linnzus). Sturgeon. (Plate I.) 
Groc. Disr.: Ascends rivers of Atlantic coasts of Europe and America. 


Season In R.I.: Rather common in traps off Sakonnet from May to Novem- 
ber. Said to have been more common formerly; 20 years ago 5 or 6 were 
caught in traps at a time. Rare in the upper part of Narragansett Bay. 
One caught off Quonset, June, 1905. Common at Block Island. The 


young are said to be common in Taunton river. 
ReEpropuction: Ascends rivers to spawn in spring and summer. 
Foop: Molluscs and crustacea, which it obtains by grubbing in the mud. 


Size: Five to 12 feet, weighing 50 to 300 pounds. 


21. Acipenser brevirostrum (LeSueur). Short-nosed Sturgeon. (Plate I.) 
Groa. Dist.: Cape Cod to Florida. 


Season in R. I.: Occurs in company with the common sturgeon but is said 
by the fishermen to be more numerous. 


SILURID. The Cat-Fishes. 


22. Felichthys felis (Linnzus). Sea Catfish; Gaff-topsail Catfish. 
Groc. Dist.: Cape Cod to Texas. 
Season In R. I.: Specimen taken at Brenton’s Reef lightship September 16, 
1898. 
23. Galeichthys milberti (Cuvier). Sea Catfish. 


Groc. Dist.: Cape Cod to Texas. 


24. Ameiurus nebulosus (LeSueur). Horned Pout; Bullhead. 
Groc. Dist.: Great Lakes, Ohio Valley, to Maine, Florida and Texas. 
Hapirat: Fresh water ponds and streams. 


Size: Up to 18 inches. 


‘ 
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CATOSTOMID®. The Suckers. 


25. Catostomus commersonii (Lacépéde). Common Sucker; Brook Sucker. 


GroG. Dist.: Quebec and the Great Lakes to Montana, Colorado, Missouri, 
and Georgia. 


Hapitat: Fresh water streams and ponds. 


26. Erimyzon suceta (Lacépéde). Chub Sucker. 


GroG. Dist.: Great Lakes and Mississippi Valley, eastward. 
Hasirar: Very abundant in lakes and lowland streams. 


SizE: About 10 inches. 


CYPRINID. The Carps. 


27. Abramis crysoleucas (Mitchill). Golden Shiner; Roach; Dace. 


Groa. Disr.: Nova Scotia and Maryland to Dakota and Texas. 


Hasirat: Fresh water. Sluggish fish, frequenting ponds and cutoffs, 
preferring those where the bottom is covered with aquatic plants. 


28. Notropis cornutus (Mitchill). Shiner; Red-jin. 


Groc. Dist.: Entire region east of Rocky Mountains, except the South 
Atlantic States and Texas. 
Hapirat: Small streams. 


Size: Five to 8 inches. 


29. Rhinichthys atronasus (Mitchill). Black-nosed Dace. 


Groce. Dist.: New England to Minnesota, Northern Alabama, and Virginia. 


Hapirat: Freshwater. Abundant in clear brooks and mountain streams. 


ANGUILLID. The True Eels. 


30. Anguilla chrysypa (Rafinesque). el. 
Groc. Dist.: Maine to Mexico. Ascends rivers east of Rockies and south 
of Canada. 


Micrations: Adults move from fresh water into salt in the autumn to 


spawn. The young move from salt water into fresh in spring. 
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SEAson IN R. J.: Abundant throughout the year, but are most numerous 
in the autumn when the females are descending the rivers. About April 
15, 1905, the eels in Greenwich Bay, R. I., for a period of about three 
weeks, died in great numbers. They rose to the surface of the water, 
swam slowly around until dead; they floated up in immense numbers on 
the surface and drifted on the shores. 


Repropuction: Breeding takes place in winter time in salt water. The 
females with mature ovaries are taken through the ice. 


Foop: The eel is an excellent scavenger, eating all kinds of dead animal 
matter. It also feeds on small fishes, shrimp, crabs, molluses, worms, ete. 


Size: Four or 5 feet. Young taken when ice breaks up in the spring 1 to 14 


inches long. Prof. Jenks found specimens 2} inches long on April 19th. 


LEPTOCEPHALID®. The Conger Eels. 


31. Leptocephalus conger (Linnzus). Cenger Eel. 
Groa. Dist.: Cosmopolitan, except not found in eastern Pacific. 


MiaraTions: Moves into deep water for spawning; does not run into fresh 


water. 


Season In R. J.: Scattering specimens in spring and summer, common from 
August to November. In the U. 8S. Museum are casts of 2 specimens 
taken at Block Island by the U. 8. Fish Commission, September 26, 1874. 
One of these weighed 11 pounds. 


Hapitat: Salt and brackish water. 
Repropuction: ‘Takes place in the depths of the ocean. 
Foop: Fishes, snails, shrimp, worms. 


Size: Average, 4 to 6 feet. Smallest observed at Woods Hole are 15 to 20 


inches long. 


ELOPID. The Tarpons. 


32. Tarpon atlanticus (Cuvier & Valenciennes). Tarpon. 
GroGc. Dist.: Cape Cod to Brazil. 
Season in R.I.: Rare. Stragglers are reported by fishermen. 


Specimen taken in August, 1874, at Newport by Mr. Samuel Powell 
(Photograph No. 398 in U. S. Nat. Mus.) Mr. J. M. K. Knowles, of Wake- 
field, is authority for the statement that a tarpon 5 feet long and weighing 
30 pounds was taken near Dutch Island Harbor, Narragansett Bay, in 1900. 
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Hasirat: Tropical waters; ascends streams in pursuit of small fry. 
Repropuction: Does not breed north of Cuba. 
Foop: Schools of small fry. 


S1zE: Six feet; weighs sometimes 150 pounds. 


33. Elops saurus (Linneus). Ten-pounder; Big-eyed Herring. (Plate II.) 
Groa. Dist.: Tropical seas to Carolina, straying north to Cape Cod. 


Season in R. I: So rare that it is not usually recognized by fishermen. 
Specimen 14 inches long, taken in trap at Dutch Island Harbor, Narragan- 
sett Bay, October 29, 1905. 


Hapirat: Open seas. 
Foop: Shrimp. 


Size: Three feet. 


ALBULIDA. The Lady-Fishes. 


34. Albula vulpes (Linnzus). Lady-fish. 
GroG. Dist.: Tropical seas on sandy coasts, north to Woods Hole. ' 


Specimens are reported by fishermen. A specimen from Newport is in the 
U.S. National Museum. (Proc. U.S. Nat. Mus., 1880, 107.) 


CLUPEID®. The Herrings.* 


35. Etrumeus sadina (Mitchill). Round Herring. 
Grog. Dist.: Cape Cod to Gulf of Mexico, on sandy shores; not rare south- 
ward. 


Specimen in U. S. National Museum taken at Newport by Mr. Samuel 
Powell. (Bull, U. S. Nat. Mus., 1879, 59.) 


36. Clupea harengus (Linnezus). Sea Herring; Herring; Blue Back. (PlateVII.) 

Groc. Disr.: North Atlantic ocean, Europe and America. South to Cape 
Hatteras, but not abundant south of Cape Cod. 

Season in R.I.: Winter herring arrive in October or November and remain 

until very cold weather. The spring run arrives in May, and the fishes of 

that run are larger and more numerous. Young specimens, 2 inches long, 


taken June 6, 1893. (Prof. Jenks.) 


Hasitat: Surface of open water. 


* Plates illustrating the common species of this family will be found at the end of the arti- 
cle on ‘‘The Common Fishes of the Herring Family.’”’ Page 102. 
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REPRODUCTION: Some schools spawn in the spring and others in the autumn, 
The fall schools spawn to west of Bay of Fundy; spring schools to the east 
of that point. Spawning takes place in Penobscot Bay, September and 
October; at Wood Island after middle of September; along the coast of 
Massachusetts about October 1; at No Man’s Land, for 3 or 4 weeks 
beginning October 15; at Block Island, November. Spawning takes 
place at a temperature between 47° and 57°F, in the open coast waters 
not deeper than 30 fathoms. (H. F. Moore, Report U.S. Fish Commission, 
1896, 40.) 


Foop: Microscopic animal life. 


37. Pomolobus medioecris (Mitchill). Hickory Shad. (Plate VIII.) 


Geog. Disr.: Florida to Bay of Fundy. 


Srason IN R.J.: Probably arrives in the spring, but specimens are common 
from August 1 to November. 

Repropuction: The location of the breeding grounds is uncertain. Some 
authorities say that it does not ascend rivers to spawn; other claim that it 
spawns in fresh water under same conditions as shad. 

Foop.: Small fishes, crustacea, squids. 


Size: Maximum, 24 inches. 


38. Pomolobus pseudoharengus (Wilson). Alewife; Branch Herring; River 
Herring; Buckie. (Plate IX.) 


Groc. Disr.: Atlantic coast of the United States. 


Mierations: Arrives off Virginia and Maryland about March 1. Said to 
arrive at Cape Cod about April 1, a month before the scup. 

Season In R.1.: This is one of the first fish to arrive in the spring, the traps 
at that time sometimes being full of them. Comes in March, running up 
into fresh water through March, April, and the first of May. After that, in 
May and June, a few spent stragglers are taken on their way back to salt 
water. The dates of their arrival in Taunton River, kept by Mr. Elisha 
Slade, from 1871 to 1883, show that their earliest appearance during that 
time was February 28, 1880, and the latest March 28, 1875. 

Repropuction: During March and April in fresh water. 

Foop: Minute free-swimming crustacea. Sometimes young squids and small 
shrimp. 

Size: One-half pound. The young, hatched from the eggs in the spring, 
become 2 or 3 inches long before winter. 


& 
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39. Pomolobus zestivalis (Mitchill). Glut Herring; Blackback. (Plate X.) 


Groc. Dist.: Coast waters United States north to Maine. 


Miecrations: Similar to the alewife (P. pseudoharengus), except that it 


appears later and remains in fresh water for a shorter time. 


Season in R.I.: It appears from two weeks to a month later than the ale- 


wife. 


REPRODUCTION: Similar to the alewife, but about two weeks later; the 
spawning grounds are probably confined to brackish water in ponds, and 


in large streams not far above tide water. 


Foop: Free-swimming crustacea. 


40. Alosa sapidissima (Wilson). Shad. (Plate XI.) 


Grog. Disr.: From Alabama along the whole Atlantic coast. Introduced 
by the U. 8. Fish Commission into rivers of Pacifie coast. 


MiGcrations: Probably lives in deep water in winter or near Gulf Stream, 
coming into shore waters when the temperature reaches 60°F., running up 
rivers tospawn. When this process is completed they probably return to 
salt water. The young, when hatched, remain in rivers till autumn, then 


move into salt water. 


SEASON IN R.I.: Arrives last of March and runs for about 6 weeks. A large 
specimen taken August 3, 1905, at Rumstick Point. Specimen 3 inches 
long, taken October 29, 1905, at Dutch Island Harbor; this was probably 
hatched from spawn of the previous spring, and was then on its way to 
salt water. Dates of arrival in Taunton River from 1871 to 1883 range 
from March 10 in 1880 to April 5 in 1883. 


REPRODUCTION: Spawning takes place in fresh water in April and May. 


Foop: Like the other members of this family, its chief food supply consists 


of minute free-swimming crustacea. 


Size: Maximum, 24 feet. It reaches its full size in four years. 


41. Opisthonema oglinum (LeSueur). Thread Herring. 


Grog. Dist.: West Indian fauna, straying north to Cape Cod. The type 
specimen described in 1817 by LeSueur was taken at Newport. (Jour. 
Ac. Nat. Sci. Phila., I, 1817, 359.) In the U. S. National Museum is a 
specimen taken at Newport by the U.S. Fish Commission. (Bull. U.S. 
Nat. Mus., 1879, 60.) A few have been taken very rarely since. 
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42. Brevoortia tyrannus (Latrobe). Menhaden; Pogy; Bony Fish. (Plate 
XII.) 

Groce. Dist.: Nova Scotia to Brazil. 

Mierations: The migrations of the menhaden are largely determined 

directly by the water temperature; they enter the coast waters in the 
spring when the average harbor temperature reaches about 50°F, and 
leave in the autumn when the temperature falls below that point. 
The approximate times of the arrival of the first schools is given as fol- 
lows by G. Brown Goode: Chesapeake Bay, March and April; New 
Jersey, April and early May; south coast of New England, late April and 
May; Cape Ann, middle of May; Gulf of Maine, last of May and June. 
They leave the Maine coast in September and October; Massachusetts, 
in October, November, and December; Long Island Sound, November and 
December; Chesapeake Bay, December; Cape Hatteras, January; further 
south they remain throughout the year. It will be seen that they arrive 
somewhat later than the shad and alewife, about the same time as scup, 
and in advance of the squeteague and bluefish,“and remain longer in the 
autumn than any of these, except possibly the two last-named species. 
This order of appearance is what would naturally be expected in view of 
the fact that the squeteague and bluefish are both carnivorous and feed 
largely upon the schools of the menhaden. 

Season in R.I.: They appear last of April or first of May and are present 
throughout the summer and fall. Most abundant in May when first arriv- 
ing and in October when the falling temperature is driving them away 


from northern shores. They finally leave in November and December. 


REPRODUCTION: Spawns in December, probably, and in May and June; the 


location of the spawning grounds is at present uncertain. 


Foop: The whole food supply of this fish is obtajned by filtering out from 
the surface stratum of water the organic life there suspended. The ar- 
rangement of the gill rakers forms a very effective filter of the water 
which the fish takes in by swimming actively in circles through the water 
with widely opened mouth and expanded gillcovers. The stomach gener- 
ally appears comparatively empty, but usually has a small quantity of 
what appears to be a dark greenish or brownish mud, with a variable 
quantity of copepods and small crustacea intermixed. This may be de- 
monstrated by observing the habits of the living fish, by the study of the 
gill rakers, and by collecting on a filter the organic matter suspended in 
a given quantity of surface water and by comparing the matter thus fil- 
tered out with the stomach contents of the menhaden. The following 
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animals have been found: a few small annelids, a few rotifers, the smaller 
crustacea, like Gammarus and young shrimp, Zoea larva, Nauplius larva, 
copepods. But the great majority of organisms were Glenodinium, 
Peridinium, Infusoria and unicellular plants like diatoms, algal swarm 
spores, bacterial masses. (On the Food of the Menhaden, by J. H. Peck, 
Ph. D., Bull. U. 8. Fish Commission, 1893. 113.) 


SizE: Schools arriving at New England in midsummer from 2 to 5 inches 
long are hatched from the spawning of the previous fall and spring. The 
7 to 10-inch fishes are 2 years old; the 12 to 14-inch size, 3 years old; 
adults are the large fish 15 to 18 inches. 


ENGRAULIDID. The Anchovies. 


43. Stolephorus brownii (Gmelin). Striped Anchovy; Anchovy. 
Groc. Dist.: Cape Cod to Brazil. Abundant southward. 


Season IN R. I.: Specimen 14 inch long, dredged by the Fish Hawk in 
Narragansett Bay, November, 1898. Larger than 8. mitchilli, but not so 


common. 
Foop: Annelids, copepods, sometimes univalve molluscs, foramenifera. 


Size: Four to 6 inches. 


44, Stolephorus mitchilli (Cuvier & Valenciennes). Anchovy. 
Grog. Dist.: Cape Cod to Texas. 


Season IN R. I.: Common in late summer. Forms an important part of 
the so-called ‘‘ white bait.” 


Hasirat: Sandy shores, entering rivers. 


Size: Two and a half inches. 


SALMONIDA®. The Salmon Family. 


45. Salmo salar (Linneus). Salmon. 


Gnoc. Dist.: North Atlantic, ascending rivers between Cape Cod and 
Hudson Bay. Formerly south to Hudson River. 


Season 1n R. I.: Small fish, weighing 2 to 3 pounds, have been taken in 


Sakonnet River in the spring. 
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46. Salvelinus fontinalis (Mitchill). Brovk Trout; Speckled Trout. 
Groa. Dist.: East of the Mississippi, Savannah to Labrador. 


Season In R. J.: Common in fresh-water streams. In fall, where communi- 
cation exists, enters salt water, remaining there through the winter. 


Hapsitat: Clear, swift, cold, fresh-water streams. 


ARGENTINIDA. The Smelts. 


47. Osmerus mordax (Mitchill). Smelt. 
Groa. Dist.: The Atlantic coast, Virginia to the Gulf of St. Lawrence. 


Season IN R. I.: Common from October to May. Caught in large numbers 
in Narrow River, but not as important commercially here as further 


north, especially in Maine and New Brunswick. 
REPRODUCTION: Spawns in February and March. 
Foop: Shrimp and other small crustacea. 


Size: Maximum, 14 inches. 


SYNODONTIDE. The Lizard-Fishes. 


48. Synodus foetens (Linneus). Lizard-fish. 


Grog. Dist.: Cape Cod to Brazil, common from South Carolina southward. 


LUCIIDA. The Pikes. 


49. Lucius americanus (Gmelin). Banded Pickerel. 
Groc. Dist.: Massachusetts to Florida, east of the Allegheny Mountains. 


Hasirat: Fresh water, in lowland streams and swamps. 


PQCILUDA. The Killifishes. 


50. Fundulus majalis (Walbaum). Mayjish; Killifish. 

Grog. Dist.: Cape Cod to Florida. 

Season IN R. I.: Common through the summer from April and May until 
late in the fall. 

Hasrirat: Along shores, especially sandy beaches. 

REPRODUCTION: Spawns in June and July. 

Foop: Small crustacea, especially shrimp and copepods; molluses and 
annelids. 


Size: Four to 6 inches. 
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51. Fundulus heteroclitus (Linneus). Mummichog; Common Killifish. 


Geog. Dist.: From Maine to the Rio Grande. 


Season IN R. I.: Most abundant of the mummichogs, and very common at 


all seasons. 


Hapirat: Shores and brackish waters, in eelgrass and on muddy bottoms, 


especially at the mouth of fresh-water streams. 
REPRODUCTION: Spawns in June and July. 


Foop: Shrimp and other small crustacea. Stomach is sometimes filled 


with a green mud consisting of vegetable debris, diatoms, and foraminifera. 


51a. Fundulus heteroclitus macrolepidotus (Walbaum). 


This is a variety of the preceding. Very common everywhere in brackish 
waters from Maine to Virginia. Specimens from Newport described by 
LeSueur. (Jour. Ac. Nat. Sci. Phila., I, 1817, 133.) 


52. Fundulus diaphanus (LeSueur). Spring Minnow; Killifish. 


Grog. Dist.: From Maine to Cape Hatteras. 


Season IN R. I.: Found throughout the year, but not so common as the 


other species of this family. 


Hasirat: Around shores fed directly by fresh-water streams. 
ESOCIDA. The Needle-Fishes and Garfishes. 


53. Tylosurus marinus (Walbaum). Garfish; Billfish. 
Grog. Dist.: From Cape Cod to Texas. 
Common from June to October. 


Season IN R. 1.:. July 20, 1905, young specimens 3 inches long were taken 
from the seine at Cold Spring Beach, Wickford. August 28, 1905, several 


large ones were taken at the same place. 
Repropuction: Breeds in fresh water. 


Foop: Fishes, especially small silversides; crustacea, shrimp, amphipods; 


annelids. 


SizE: Three or 4 feet. The young, 3 to 8 inches long, taken along shores in 


Summer. 


HEMIRAMPHID®. The Halfbeaks. 
54. Hyporhamphus roberti (Cuvier & Valenciennes). Haljbeak; Skipper. 


Grog. Dist.: Coasts of America on sandy shores. 
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SEASON IN R. J.: Rather common in summer and early fall. The first 
specimen from Rhode Island was taken by Samuel Powell at Newport and 
described by Gill in 1862. 

Hasirat: Sandy shores. 


Foop: Almost exclusively alge. 


55. Euleptorhamphus velox (Poey). 
Grog. Dist.: West Indies, occasionally northward in the Gulf Stream to 
Massachusetts. Rare. 


Specimen in the U. S. National Museum, taken at Newport by Mr. Brown. 
(Bull. U. 8S. Nat. Museum., 1879, 55.) 


SCOMBERESOCID. The Sauries. 


56. Scomberesox saurus (Walbaum). Saury; Billfish. 
Grog. Dist.: Common in schools in open seas north of Cape Cod and of 
France. 


Season In R.J.: Very rare. One specimen is in possession of the Commis- 
sion, presented by Mr. J. M. K. Southwick, of Newport, and dated 1899. 


EXOCCTID®. The Flying-Fishes. 


57. Parexocoetus mesogaster (Bloch). 
Groa. Dist.: Tropical seas, common in the East Indies and West Indies, 
and in the Hawaiian Islands. North in the Gulf Stream to Newport. 
A specimen 54 inches long, from Newport, is in the Museum of the Academy 
of National Sciences at Philadelphia. (Jordan and Meek, Proc. U. S. 
Nat. Mus., 1885, 47.) 


58. Exocoetus volitans (Linneus). Black-winged Flying-fish. 
Groc. Dist.: Open seas, north to the Grand Banks, southern Europe and 
Hawaiian Islands. 
Specimen in U. 8. National Museum, taken at Block Island by the U.S. Fish 


Commission, August, 1874 


59. Cypsilurus fureatus (Mitchill). 


Grog. Dist.: Common in warm seas, north to Cape Cod and Mediterranean. 
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Two specimens from Newport, one 54 inches, the other 6 inches in length, are 
in the Museum of the Academy of Natural Sciences at Philadelphia. 
(Proc. U. S. Nat. Mus., 1885, 61.) These are apparently the specimens 
described by Jordan and Evermann, in ‘The Fishes of North America.” 


60. Cypsilurus gibbifrons (Cuvier & Valenciennes). 


Two specimens only are known; one, the type specimen in the Museum 
d’Histoire Naturelle at Paris, the other, a young specimen 8 inches long, 
taken by Mr. Samuel Powell at Newport, R. I., and described by Jordan 
in 1886. (Proc. U.S. Nat. Mus., 1886, 528.) 


GASTEROSTEIDE. The Sticklebacks. 


61. Gasterosteus bispinosus (Walbaum). Two-spined Stickleback. 
Grog. Dist.: From Labrador to New Jersey. 
Season In R.I.: Very common at all seasons. 


Repropuction: During July and August it spawns in nests guarded by the 


male. 


62. Apeltes quadracus (Mitchill). Fowr-spined Stickleback. 
Groa. Dist.: From Maine to New Jersey. 
Season IN R. I.: Common at all seasons. 


Foop: Copepods. 
FISTULARIID. The Cornet-Fishes. 


63. Fistularia tabacaria (Linneus). Trumpet-fish. 


Groce. Dist.: West Indies north to Woods Hole. 


SYNGNATHID®. The Pipe-Fishes. 


64. Siphostoma fuscum (Storer). Pipe-fish. 
Groc. Dist.: The Atlantic coast of the United States, Cape Ann to Virginia. 
Srason IN R. I.: Common throughout the summer in the eelgrass along the 
shores and in salt ponds. Two specimens were taken in offshore waters 
in purse seines with menhaden in July, 1904. 
REPRODUCTION: Females with eggs and young were taken in Narragansett 
Bay March 22,1897. (Dr. H. C. Bumpus, Science, 1898, 485.) 


Foop: Small crustacea, amphipods and copepods. 
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65. Hippocampus hudsonius (DeKay). Sea-horse. 
Groa. Distr.: Atlantic coast, Cape Cod to Charleston, S. C. 


Srason 1N R. I.: Not common. Rarely found floating in gulfweed and 


rockweed. 
ATHERINID. The Silversides. 


66. Menidia gracilis (Gunther). Silverside. 
Grog. Dist.: Woods Hole to Albemarle Sound, common in brackish waters. 


Season in R.I.: Very common through summer. 


67. Menidia menidia notata (Mitchill). Stlverside; Brit. 
Groc. Dist.: Atlantic coast northward, south to Florida. 


Season IN R. I.: Very abundant everywhere from April to December, 
especially along sandy shores, where bushels of them can be taken in the 
seine almost unmixed with other fish. Used to a great extent as bait for 
eel pots. 


REPRODUCTION: Spawns in June and early July. 


Foop: Small crustacea, shrimp, univalve molluses, and sometimes vegetable 
material and diatoms. 


Size: Five inches. 
MUGILID. The Mullets. 


68. Mugil cephalus (Linneus). Striped Mullet; Jumping Mullet. 

Groa. Dist.: Atlantic coast, Cape Cod to Brazil. Pacific coast, Monterey 
to Chili. 

Season 1N R. I.: October and November. This species, in company with 
the white mullet, is sometimes very abundant. In the middle of October, 
1904, 500 barrels were taken at one haul off Newport. A specimen from 
Newport is in the U. S. National Museum. (Proc. U.S. Nat. Mus., 1880, 
120.) 


Foop: Stomach contents show a greenish mud containing large numbers of 
diatoms, green algz, copepods. 
69. Mugil curema (Cuvier & Valenciennes). White Mullet; Jumping Mullet. 
Groa. Dist.: Cape Cod to Brazil, Magdalena Bay to Chili. 
Season In R.I.: Same as the preceding species. 
Foop: Same as the preceding. 
Size: About 5 inches. 
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SPHYRAENID. The Barracudas. 


70. Sphyrzena guachancho (Cuvier & Valenciennes). Barracuda. 
Grog. Dist.: West Indies to Pensacola, straying north to Woods Hole. 


SEAson IN R.I.: Rare. A young specimen, 8 inches long, taken in seine at 
Willow Beach, near Wickford, on July 17, 1905. 


AMMODYTID®. The Sand Launces. 


71. Ammodytes americanus (DeKay). Sand Launce; Lant; Sand Eel. 
Grog. Dist.: Newfoundland to Cape Hatteras. 
Season 1N R.I.: Said to appear at all seasons; sometimes in summer is so 
abundant as to fill the traps. 
Foop: Worms and small fry. This species is important as the food of cod, 
halibut, and mackerel. 
Size: Largest grow to 16 inches, but are generally much smaller, seldom 


over 5 or 6 inches. 


HOLOCENTRID®. The Squirrel-Fishes. 


72. Holocentrus ascensionis (Osbeck). Squwirrel-fish. 


Groa. Dist.: West Indies about rocks and reefs; accidental on the coast. 
This species has been taken at Newport. (Bull. U.S. Nat. Mus., 1879, 44.) 


SCOMBRID. The Mackerels. 


73. Scomber scombrus (Linnzus). Common Mackerel. 


Groac. Dist.: North Atlantic, abundant on both coasts. North to Norway 
and Labrador, south to Spain and Cape Hatteras. 


Miarations: Appear in the spring when the water reaches 45° F. At sea, 
off Cape Hatteras, March 20 to April 25; Norfolk, March 2 to April 30; 
the Capes of Delaware, April 15 to May 1; Barnegat and Sandy Hook, May 
5 to May 25; appear at the same date along the whole coast of New Eng- 
land and Nova Scotia; Gulf of St. Lawrence, May and early June. These 
are probably coastwise movements for the most part, as they can be 
followed by the fishing boats from southern waters to the north. On 
their return they probably head out into deep water. In 1898 they 
appeared at Sakonnet, Chatham, Mass., and Yarmouth, N. 8., on the 
same day, May 3. In 1901 they reached Chatham on April 29, and the 


next day were taken at Cuttyhunk and Menemsha Bight. 


NN ES 
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Season In R. I.: Usually arrive at Rhode Island about May 1. In 1905 
they first appeared in Sakonnet River on April 28. The first catch was 
on May 2 in the scup traps off Sakonnet. June 3 they appeared off the 
Cape Cod shore. June 5 at Newport marked the beginning of the big 
run of the season, which culminated June 19. The season closed there 
June 28. On June 22 was the best catch off Block Island. Scattering 
fishes are present all summer. On September 6 and 7, 1905, there was a 
very big run of ‘‘tinkers”’ at Newport, the harbor being full of them. A 
similar run usually occurs about this time, though it was exceptionally 
large this year. Mackerel finally leave in November. February 1, 1906, 
a single specimen taken in a tide-water pond, Sakonnet River. 

REPRODUCTION: Spawns the middle of May and June, in deep water along 


the coast from Long Island to the Gulf of St. Lawrence. 


Foop: The mackerel strains the sea-water through its gill rakers as it swims 
open-mouthed through the water, taking in all kinds of small crustacea 
and the larve of marine invertebrates. They also feed on young fishes, 


especially in the latter part of the summer when these are abundant. 


Size: Reach a length of 2 inches in 30 days from hatching, 4 inches in 45 
days, 7 inches before the autumn migration. The ‘‘blinks”’ are 2 years old, 
the ‘‘tinkers”’ 3 years, and the adult size of 17 or 18 inches is reached in 
the fourth year. (Report U.S. Fish Com., 1879, 32.) 


74. Scomber colias (Gmelin). Chub Mackerel; Bull’s-eye Mackerel. 
Grog. Disr.: Atlantic and Pacific, widely distributed, north to England, 


Maine, and San Francisco. Appears irregularly on our Atlantic coast. 


Season IN R. I.: This species must be present in Rhode Island waters, 
though beyond vague reports of fishermen, no definite data are available. 
Dr. Seth E. Meek describes a peculiar fish taken at Block Island, September 
16, year not given, which was supposed to be a hybrid between this 
species and the common mackerel. (Jordan and Evermann, ‘‘ The Fishes 
of North America, 866.) 


75. Auxis thazard (Lacépéde). Frigate Mackerel; Bonito; Tunny. 
Grog. Disr.: All warm seas, wandering northward to Cape Cod. 


SEASONINR.I.: This species has been abundant in some years, but is usually 
rare or absent. On August 23, 1880, 28 barrels were taken in a mackerel 
seine ten miles east of Block Island. Immense schools were reported 
that year between Montauk Point and George’s Banks. (Proce. U. 8. 
Nat. Mus., 1880.) One was reported taken at the mouth of Narragansett 
Bay in the autumn of 1904. 
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76. Thunnus thynnus (Linnzus). Horse-Mackerel; Tunny. 


77. 


Groa. Dist.: Pelagic on all warm coasts. North to England, Newfound- 
land, San Francisco, and Japan. 

Season IN R. I.: Plentiful some years; rare others. Taken in autumn 
around Newport and Narragansett Pier, but more abundantly at Point 
Judith. More rare formerly, but of late becoming more common. Forty 
to 60 have been taken in one trap at one time. Present in Rhode Island 
waters from June to November, but most numerous in July. Mr. Brownell 
of Tiverton says that, in the autumn of 1904, he ran through an immense 
school of this species, extending for 10 miles. 

Foop: Menhaden chiefly. (Goode.) 

Size: The largest ever taken weighed 1,500 pounds; the largest on record 
from Rhode Island, caught by Mr. Brownell, weighed 750 pounds. 


Sarda sarda (Bloch). Bonito. 


Groa. Dist.: Atlantic Ocean of both coasts, north to Cape Cod. 


SEAson IN R.I.: Seen occasionally in the autumn. It is not distinguished 
by the fishermen from other species of this family. 


Hapirat: The open ocean, approaching shores for food and spawning. 
Foop: Stomach contents have shown fishes, squids, small crustacea. 


Size: Maximum, 23 feet. 


78. Scomberomorus maculatus (Mitchill). Spanish Mackerel. 


Groa. Dist.: Both coasts of North America; appears in irregular schools 
in the Gulf of Mexico and off the Carolina coast. Ranges north to Cape 
Ann and south to Brazil. 

Season IN R. I.: Not very common. A few dozen specimens taken this 
season (1905) between the middle of August and October, in Narragansett 
Bay. Fifty large ones taken in a trap by Mr. Easterbrook at Price’s Neck, 
Newport, August 15, 1905. 


Foop: Fishes, squids, and crustacea. 


79. Scomberomorus regalis (Bloch). Cereen; Kingfish. 


Groa. Dist.: Cape Cod to Brazil, abundant at Cuba. 
Season In R.J.: Rare in Narragansett Bay, taken usually in the autumn. 
Foop: Small fishes. 


Size: Maximum, 5 to 6 feet 
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TRICHIURID®. The Cutlas-Fishes. 


80. Trichiurus lepturus (Linnzus). Cutlas-fish; Scabbard-fish. 


Grog. Dist.: Warm seas, chiefly of western Atlantic; north to Cape Cod. 

SEASONINR.I.: A few stragglers taken nearly every year. Specimen taken 
by Mr. J. M. K. Southwick, Newport, November 16, 1899. Specimen 3 
feet 8 inches long caught in a trap at Newport, 1901. This is the largest 
specimen recorded from New England waters. Several smaller specimens 
taken in the Bay the same year. Several specimens have been taken by 
the Lewis Brothers in their traps in Narragansett Bay at various times. 


ISTIOPHORID. The Sail-Fishes. 


81. Tetrapturus imperator (Bloch & Schneider). Spearfish. 


Groa. Dist.: West Indies north to Cape Cod. 
Season INR.I.: Very rare. 


XIPHIIDA. The Sword-Fishes. 


82. Xiphias gladius (Linneus). Swordfish. 


Groac. Dist.: Atlantic Ocean on both coasts, most abundant between 
Cuba and Cape Breton. Common off Cape Cod and Newfoundland Banks. 
Common off Southern Europe and found in the Pacific. 

SreasoninR.I.: In 1905 they began to reach George’s Banks about June 16. 
Twenty-two were taken in one day, 61 ina week. Began to reach Block 
Island June 26, when 13 were taken. One seen off Sakonnet Point July 
18. Leave Rhode Island waters in September. Abundant in 1905, and 
extremely so in 1904. 

Foop: Contents of the stomach show fishes like cod, hake, and squids. 


CARANGID®. The Pompanos, Amber-Fishes, ete. 


83. Oligoplites saurus (Bloch & Schneider). Leather-jacket. 


Grog. Dist.: Both coasts of tropical America, common in West Indies, 
north to Woods Hole. 
Season in R.I.: Very rare. Only one specimen is on record from Rhode 
Island waters; taken September 10, 1886, at Newport. 
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84. Naucrates ductor (Linnzus). Pilot-fish. 
Groc. Dist.: Pelagic fish found in all warm seas. Occasional on our Atlan- 
tic coast from West Indies to Cape Cod. 


Season 1n R.I.: Occasionally taken from July to October. 


85. Seriola zonata (Mitchill). Rudder-fish; Pilot-fish; Shark-pilot. 
Groc. Dist.: Cape Cod to Cape Hatteras. 


Season In R.I.: Single specimens occasionally taken from July to October. 
A specimen in possession of the Commission is dated 1899. Three speci- 
mens from Newport are in the U.S. National Museum. (Proc. U.S. Nat. 
Mus., 1880, 91.) 


Foop: Stomach of one individual contained fragments of a butter fish. 


86. Seriola lalandi (Cuvier & Valenciennes). Amber-fish. 


GroGc. Dist.: Brazil to Cape Cod. 


SEasoNINR.I.: Rare. Taken in traps occasionally during summer months. 


87. Decapterus punctatus (Agassiz). Scad; Round Robin; Cigar-fish. 
Grog. Dist.: Cape Cod to Brazil. 


88. Decapterus macarellus (Cuvier & Valenciennes). Mackerel Scad. 


Groc. Dist.: Warm parts of Atlantic north to Cape Cod. 

Season in R. I.: Occasional in October. Prof. Jenks is authority for the 
statement that none are ever taken over 6 inches long. Specimen in the 
U.S. National Museum, taken at Newport by Mr. Samuel Powell. (Bull. 
U.S. Nat. Mus., 1879, 42.) 


Foop: Copepods and annelids. 


89. Trachurus trachurus (Linnzus). Saurel; Gascon. 
Groc. Dist.: North Atlantic, chiefly on coast of Europe, south to Spain 
and Naples. Taken also at Newport; Pensacola; Cape San Lucas. Only 
4 American specimens are known. 
Srason IN R. I.: Goode describes specimens from Newport. (Proc. U.S. 
Nat. Mus. 1882. 269.) 


90. Trachurops crumenophthalmus (Bloch). Big-eyed Scad; Goggler. 


Groce. Dist.: Both coasts of tropical America, north to Cape Cod. 


THE PuG-Nosep SHINER 


(Vomer setipennis). 


PLATE ITI. 
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Season 1n R. I.: Common in October and November. (Prof. Jenks.) 
Specimen from Newport in the U. 8. National Museum. (Proc. U. S. 
Nat. Mus., 1880, 84.) 


Foop: . Annelids. 


91. Caranx hippos (Linneus). Crevallé; Jack. 


Groac. Dist.: Warm seas, both coasts of tropical America, north to Gulf of 
California and Cape Cod, also found in East Indies. 

Season InN R. I.: Occasionally taken from July to December. Specimen 
from Newport in U.S. National Museum. (Proc. U.S. Nat. Mus., 1880, 
90.) 

Foop: Fishes and crustacea. 

Size: Largest are 2 feet long. Young 1 inch long are taken at Woods Hole 
about July 1st. 


92. Caranx crysos (Mitchill). Hardtail; Yellow Crevalle. 
GroG. Dist.: Cape Cod to Brazil. 


Season IN R. I.: Not uncommon from August 1 to November. Most of 
those caught in traps are small, about 8 to 10 inches long, but one very 
large specimen, about 18 inches long, taken in trap near Saunderstown, 
Narragansett Bay, August 10, 1905. Specimen from Newport in the U. S. 
National Museum. (Proc. U.S. Nat. Mus., 1880, 90.) 


Foop: Crustacea. 


93. Alectis ciliaris (Bloch). Cobbler-fish; Threadfish. 


Groc. Dist.: Tropical America on both coasts, ranging north to Cape Cod. 


Season IN R.I.: Rare. From June to November. The Commission is in 
possession of a specimen 34 inches long from Newport. Specimens from 
Newport are in the U.S. National Museum. (Proc. U.S. Nat. Mus., 1880, 
90.) 


94. Vomer setipinnis (Mitchill). .Pug-nosed Shiner; Dollar-fish. (Plate III.) 


Grog. Disr.: Tropical America, both coasts. Common south, young 
occurring north in Gulf Stream. 


Sgason 1n R. I.: Not common. Adults very rare. Occasional specimens 
in August, September, and October. The first recorded of this species 
from Rhode Island was a young specimen described by Cope in 1870. 
(Proc. Amer. Philos. Soc. Phila. 1870, 119.) Specimens from Newport 
are in the U. S. National Museum. (Proc. U. S. Nat. Mus., 1880, 89.) 
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An adult specimen taken in Narragansett Bay at Newport by Mr. J. M. 
K. Southwick in 1899. Young specimens taken August 23 and October 9, 
1905. 


95. Selene vomer (Linnzus). Lookdown; Dollar-fish. 


Grog. Dist.: Tropical seas. 


Foop: Small crustacea. Shrimp, gasteropods, lamellibranchs. 


96. Trachinotus faleatus (Linneus). Round Pompano. 


Grog. Dist.: Cape Cod to Brazil. 


97. Trachinotus carolinus (Linneus). Common Pompano. 


Groa. Dist.: South Atlantic and gulf coasts of United States, straying 
to Brazil and Cape Cod. 


Foop: Stomach contents: Fishes, small crustacea, amphipods, lamellibranch 
shells, diatoms, and vegetable debris. 


POMATOMID®. The Bluefishes. 


98. Pomatomus saltatrix (Linneus). Bluefish. 


Groce. Dist.: Atlantic and Indian Oceans. 


MicRATIONS: Its migrations are probably more influenced by the presence 
of food than by temperature. They move along the coast from the south 
toward the north in the spring, following schools of menhaden. Immense 
schools appear off the Carolina coast in March and April; reaching the 
Jersey coast in the early part of May; Newport, middle of May to first 
week in June. In October they leave the northern coasts and appear off 
the coast of Carolina about the middle of November, where a very ex- 
tensive fishery exists until late in December. Their presence off the 
Carolina coast in autumn is preceded by schools of menhaden and marked 
by flocks of birds. (Prof. Baird, Report U. 8. Fish Commission, 1873.) 


Season IN R. I.: Common but not abundant. They arrive about June 1, 
and remain until the last of November. These fishes are 12 to 14 inches 
in length. On August 27, 1905, many young of this species, 4 to 6 inches 
long, were found gilled in the meshes of the traps. These had probably 
been present for some time, but had before been too small to be held in 
the nets. These increased to about 9 inches in length before the end of the 
season. 
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Repropuction: Little is known about this. It is possible that they spawn 
in early spring or winter in deep water or along more southerly coasts. 
Then the young, under the influence of migratory instinct, move north- 
ward along the coast, growing rapidly as they proceed. This explains 
the presence of the young fishes 4 to 6 inches in length in August. Well 
developed spawn is found in a small proportion of the bluefish when they 
first arrive. (Smith, The Fishes of Woods Hole, Bull. U. 8. Fish Com- 
mission, 1897, 98.) 


Foop: A very voracious, carnivorous fish, feeding particularly on menhaden 
and squeteague. Stomachs also sometimes contain herring, cunners, 
squid, scup, butter-fish, marine worms, and crustacea. 


Size: They reach a length of 5 inches in the middle of August; 6 or 7 inches 
in September; 9 inches in November; and at a year old are from 12 to 14 
inches in length. 


NOMEID4. The Nomeids. 


99. Nomeus gronovii (Gmelin). Portuguese Man-of-war-fish. 


Grog. Dist.: Tropical parts of the Atlantic and Indian Oceans in rather 
deep water, swimming near the surface, very abundant in the Sargasso 
Sea, common north to Florida and Bermuda, straying to Panama and 
Woods Hole. 


Season in R.J.: Found living under Portuguese man-of-war. 


STROMATEID4. The Butter-Fishes. 


100. Palinurichthys perciformis (Mitchill). Rudder-fish; Pole-fish. 
Groa. Disr.: Atlantic coast of North America from Cape Hatteras to Maine. 


SEASON IN R.I.: Specimen from Newport in U.S. National Museum. (Proce. 
U.S. Nat. Mus., 1886, 91.) 


Foop: Small squids, snails, crustacea. 


101. Peprilus paru (Linneus). Harvest-fish. 


Groc. Dist.: Cape Cod to Jamaica. 


SEASON IN R. I.: Rare, only a few appearing each season in June or July 
with the butter-fishes. A large specimen taken July 24, 1905. 


70 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


102. Poronotus tricanthus (Peck). Butter-fish. 
Grog. Dist.: Maine to Florida, rare south of Cape Hatteras. 
Miarations: Appears early in April off the Jersey coast. 


SEASON IN R.I.: Appears toward the last of May a little later than the scup. 
In 1905 first appeared May 22. The height of the spring run is during 
the first two or three weeks in June. A-few are present throughout the 
summer. In October occurs the fallrun. They finally leave in November. 


Young, 3 to 5 inches long, are common in October. 


REPRODUCTION: Spawns in June. Young frequently found in summer, 
living under the protection of stringers of the jellyfishes. 


Foop: Small fishes, small free-swimming crustacea, annelids. 


SizE: Maximum, 10 inches. 


CENTRARCHID. The Sunfishes. 


103. Lepomis auritus (Linneus). Long-eared Sunfish. 
GroG. Dist.: Maine to Louisiana, east of the Alleghenies. 
Hapsirat: Abundant in all fresh-water streams. 


Size: Eight inches. 


104. Eupomotis gibbosus (Linnzus). Sunfish. 
Groc. Dist.: Great Lake region to Maine, and southward east of the 
Alleghenies to Florida. Occurs only in the northern part of the Mississippi 
Valley. 


Hapirat: Clear brooks and ponds. 


105. Micropterus dolomieu (Lacépéde). Small-mouthed Black Bass. 
Groc. Dist.: From Lake Champlain to Manitoba and southward on both 
sides of the mountains from James River to South Carolina and Arkansas. 


Hasirat: Clear cold waters of running streams. 


PERCID. The Perches. 


- 106. Boleosoma nigrum olmstedi (Storer). Darter. 
Groc. Dist.: Lake Ontario to Massachusetts, south to Virginia. 
Hasitrar: Among weeds of clear streams. 


Size: Three and a half inches. 
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CHEILODIPTERID. The Cardinal Fishes. 


107. Apogon imberbis (Linnzus). King of the Mullets. 
Grog. Dist.: Mediterranean and neighboring waters; Florida, West Indies, 
and Brazil. 
A specimen taken at Newport was described by Cope in 1870. (Proc. Ac. Nat. 
Sci. Phila., 1870, 120.) 


SERRANID2. The Sea Basses. 


108. Roccus lineatus (Bloch). Striped Bass; Rockfish. 
Grog. Dist.: Atlantic coast of United States, New Brunswick to Florida. 
Most common from Cape Cod to Cape May. 


Mierations: It is said not to be migratory but present along our coast in 
winter as well as in summer. Taken through the ice in Long Island and 
Block Island Sounds in December. (Goode, Nat. Hist. of Aquatic Ani- 
mals, 425.) 


Season IN R. J.: Arrives the last of March with the shad. The dates of 
arrival in Taunton River from 1871 to 1883 range from March 15 in 1880, 
to April 6, in 1883. (Bull. U.S. Fish Commisison, 1883, 478.) 


REPRODUCTION: Spawns in rivers in the spring. 
Foop: Voracious feeders, eating fishes and crustacea. (Goode, loc. cit.) 


Size: Largest ever taken weighed 112 pounds. 


109. Morone americana (Gmelin). White Perch. 
Grog. Dist.: Atlantic coast, South Carolina to Nova Scotia. 


Season IN R. I.: Present the year round. Taken in traps in the Bay in 
October. 


Hasitrat: Shallow shore waters, brackish and fresh water of rivers and ponds 


connected with salt water. Sometimes land-locked. 

REPRODUCTION: Spawns in May in fresh water. (Goode, Hist. of Aquatic 
Animals, 432.) 

Foop: Shrimp, fish spawn, insects, crabs, small fishes, and eels. 


Size: Eight inches. 


110. Epinephelus niveatus (Cuvier & Valenciennes). Snowy Grouper. 
Groa. Dist.: Brazil to West Indies, often straying north to Cape Cod. 
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Season In R. I.: Two young specimens, 2 inches long, taken by Samuel 
Powell at Newport, 1860. (Proc. Ac. Nat. Sci. Phila., 1861, 98.) Drs. 
Goode and Bean report the capture of another specimen at the same place 
in 1877. (Amer. Jour. Sci. & Arts, XVII, 1879, 545.) Also, three other 
specimens of this species from Rhode Island are in the U. 8. National 
Museum; one 24 inches long is from Tiverton, the other two, 3 and 3} 
inches long, taken at Point Judith. The first specimens recorded from 
Woods Hole were taken in 1895; 8 or 10 other specimens taken in the 
vicinity in the same year; 2 of these were 2? and 14 inches long. 


111. Centropristes striatus (Linneus). Sea Bass; Black Bass. 


Grog. Distr.: Atlantic coast, Casco Bay to Northern Florida. 

Miaerations: Probably spends the winter in a torpid state around rocky 
bottoms without extensive migrations. (Goode.) Appears on the 
Jersey coast in April. 

Season In R. I.: Arrives in May and is then most abundant. Leaves in 
October. : 

Hapirat: Rocky bottom in cavities and under stones. 

REPRODUCTION: Spawns in June. Sexual differences are very marked, 
especially during the breeding season. 

Foop: The various crustacea are its most important food; crabs, lobsters, 


shrimp; also squids, molluses, small fishes. 


112. Rypticus bistrispinus (Mitchill). 
Grog. Dist.: South Altantic coast of the United States in rather deep 
water, straying north to Newport, R. I. 
SrAson IN R. I.: One specimen was taken at Newport by Samuel Powell 
and described by Cope in 1870. (Proc. Ac. Nat. Sci. Phila., 1870, 119.) 


LOBOTIDA. The Triple-Tails. 


113. Lobotes surinamensis (Bloch). Triple-tail; Flasher. (Plate IV.) 


Grog. Dist.: All warm seas, Cape Cod to Panama. 

SEASON IN R.I.: The rarity of this species is shown by the fact that, accord- 
ing to the Report of U. S. Fish Commission, 1901, only 6 specimens had 
been recorded in northern waters in twenty years. September 10, 1901, 
a specimen weighing 6 pounds and 22 inches long was caught in a trap off 
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Prudence Island. A specimen 18 inches long was taken in a trap August 
20, 1905, near Saunderstown. Another was reported by a fisherman in 
the upper part of Narragansett Bay about two weeks later. 

Hasitat: A bottom fish of sluggish habits. 

Repropuction: Probably spawns in brackish water in the spring, as young 
3 inches long were found in August in the eelgrass in Tuckahoe River, 
New Jersey. (Goode.) 

Foop: Small fishes, muscles, shrimp. 


Size: Three feet. 


PRIACANTHID. Catalufas. 


114. Pseudopriacanthus altus (Gill). Big-eye. 
Groc. Disr.: West Indies in rather deep water, north to Cape Cod. 


Season In R. I.: Very rare. A few have been taken at Woods Hole and 
vicinity. The type of this species described by Gill was a very young 
specimen taken in Narragansett Bay near Conanicut Ferry in September, 
1860. (Proc. Ac. Nat. Sci. Phila., 1870, 120.) 


LUTIANID®. The Snappers. 


115. Neomeenis griseus (Linneus). Gray Snapper; Mangrove Snapper. 


Groc. Dist.: West Indies, ranging from New Jersey to Brazil, straying 
northward to Woods Hole. 


Season In R.I.: A snapper was taken in 1896 at Newport which was prob- 
ably this species. A few others have been taken at Woods Hole in 
September. (H. M. Smith, The Fishes of Woods Hole, Bull. U. S. Fish 
Commission, 1897, 100.) 


SPARID.®. The Porgies. 


116. Stenotomus chrysops (Linnzus). Scup; Porgy; Scuppaug. 


Greoa. Disr.: Most abundant on south coast of New England. Ranges 
from Casco Bay, Maine, to South Carolina. 


Migrations: They strike directly on the southern New England coast from 
their winter habitat in warmer water; they begin to leave about the 
middle of October. Cod have been taken on Nantucket shoals, in late 
November, filled with small scup. 

10 


74 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


Season In R.I.: The first stragglers appear about the last of April. The 
first large run comes early in May, and consists of large breeding fish. 
The second or summer run comes after the breeders and is composed of 
small fishes without spawn. They are said to come in from the west and 
south. They are very abundant in May and June; stragglers remain all 
summer; they finally leave the last of October. In 1900 the first arrival 
was April 21, reaching Cuttyhunk April 26, Woods Hole on May 1. In 
1901 the first arrival was April 26. The dates of arrival of the scup in 
Taunton River from 1871 to 1883 range from May 27 in 1880 to June 1 in 
1882. The earliest recorded appearance in Rhode Island is probably 
April 15 in 1871. The greatest abundance of that year in Newport was 
on the 15th of May. In 1905, Capt. Church of Tiverton caught a single 
scup on May 1st at Newport. On May 11th the sea fowl appeared outside 
Newport Harbor, the usual sign of the approach of the schools. First 
good catch was made on May 16; small catches were made until June 4, 
when for a few days the largest hauls of the season were made. The 
season ended June 25 in the Bay, while at Block Island it lasted until after 
June 27. The season this year was poorer than usual, due perhaps to the 
fact that on May 16 and a few days following there was an exceptionally 
large run of pollock along the whole shore from Brenton’s Reef to Sakonnet 
Point. 


ReEpropuctTion: The first runs consist of large breeding fish filled with 
spawn. The eggs are deposited on eelgrass and sandy shores; they sink 
to the bottom and adhere to solid objects. Fishermen say that 
the scup spawn in the pounds when being confined there. The eggs 
hatch in a very few days, and the young can often be seen swimming 
around on the surface with the yolk sac visible. As they grow older 
they continue to remain in and around the pounds, apparently for protec- 
tion. Spawning season is over not long after June 1, as is shown by the 
taking of spent fishes and by the fact that, about this time, the scup begin 
to take the hook. 


Enemies: Bluefish, cod, halibut, shark, squeteague. 


Foop: Invertebrates chiefly, though small fishes are sometimes found in the 
stomachs of large specimens. Molluses, crustacea, annelids, squids, 
hydroids, crepidule. Stomachs of small specimens usually contain 
chiefly copepods and other small crustacea. 

Size: The young 4 or 5 inches long are sometimes taken in the seine in 
September and October on sandy shores. The young reach 4 to 3 inches 
long in July. (Smith, Fishes of Woods Hole, loc. cit.) 
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117. Lagodon rhomboides (Linnzus). Sailor’s Choice; Shiny Scup. 


Groac. Dist.: Abundant from Cape Hatteras southward, straying north to 
Cape Cod. 


Season 1n R.I.: Not common. Specimen from Newport, collected by Mr. 
J. M. K. Southwick in 1899. 


REPRODUCTION: Spawns in the south in winter or early spring. 


Foop: Small Genes small crustacea. 


118. Archosargus probatocephalus (Walbaum). Sheepshead. 
Groc. Dist.: Cape Cod to Mexico, abundant in the south. 


Season IN R.J.: Said to have been common formerly, but now rare north 
of Long Island. Sometimes taken at Newport. (Mr. Southwick). 


REPRODUCTION: Spawns in bays and mouths of rivers in March and April. 
Hasitat: Bottom fish. 
Foop: Barnacles, shell-fish. 


Size: Maximum, 3 pounds. 


KYPHOSID. The Rudder-Fishes. 


119. Kyphosus sectatrix (Linneus). Rudder-fish. 
Groc. Dist.: Common in West Indies and Key West, and east to the 
Canary Islands; straying to Cape Cod. 


Specimen in U.S. National Museum, taken at Newport by Mr. Samuel Powell. 
(Bull. U. S. Nat. Mus., 1879, 46.) 


SCLAENIDE. The Drums. 


120. Cynoscion regalis (Bloch & Schneider). Squeteague; Weakfish. 

Groce. Dist.: Abundant from Cape Cod to Florida, straying on the Gulf 
coast to Mobile, north to Bay of Fundy. 

Mierations: Taken on the Jersey coast in April. The temperature of the 
water at the time of their arrival is about 50°F., though their movements 
may depend more on the presence of schools of menhaden and butter- 
fish, on which they feed, than on the temperature. 

SEAson IN R.1.: Scattering individuals are taken the middle or last of May, 
but the large run does not come until about June 10. Very abundant 
through the remainder of the season and is the most important food fish 
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of the State after the end of the scup season. They decrease considerably 
in numbers the latter part of July and August; they increase again the 
latter part of August and September, and finally disappear in October. 
The first runs are composed of adults fishes of uniform size, some having 
ripe spawn. About August 20 a new school arrives, composed of smaller 
fishes about 12 to 14 inches in length. These remain throughout the 
season. The first specimen taken in Providence River in 1905 was at 
Gaspee Point on June 16th. A catch of 70,000 pounds was made June 16, 
1905, by a Gloucester schooner off Block Island. ° 


Hapirat: Coast and still-water fish, running up tidal waters. Immense 
schools on surface have often been seen. (Goode.) 


RepropuctTion: Many of the fishes have ripe spawn when they first arrive; 
this indicates the spawning season about June 1. Spawns around bays 
and inlets and at the mouths of rivers in certain localities; Providence 
River is a favorite spawning ground. The eggs are buoyant. 

Foop: Fishes, especially menhaden and butter-fish, are its staple articles 
of diet. Herring, scup, squids, shrimp. The young live exclusively on 
shrimp and young fishes. (J. H. Peck, Ph. D., The Sources of Marine 
Food, Bull., U. S. Fish Commission, 1895, 351.) 

Size: August 5, 1901, young squeteague abundant at Red Bridge, Providence 
River, 1.25 to 2.25 inches in length. (Eigenmann, Investigations into the 
History of the Young Squeteague, Bull., U.S. Fish Commission, 1901, 45.) 


121. Leiostomus xanthurus (Lacépéde). Spot; Goody. 


Grog. Dist.: Cape Cod to Texas; abundant south. 


Micrations: Jersey coast at Sea Isle City in July; north Jersey coast in 
August; Woods Hole in autumn; remaining through October until the 
temperature falls below 45° F. 


Season IN R. I.: Sometimes taken at Newport. (Mr. Southwick.) 
Hasirat: Bottom fish. 


REPRODUCTION: Spawns in the south in bays and inlets in November and 
December. 


Foop: Small molluscs and crustacea, annelids. 


Size: Three or 4 inches on south Jersey coast, Woods Hole specimens about 
6 inches. 


122. Menticirrhus saxatilis (Bloch & Schneider). Kingfish; Sea-mink. 


Grog. Dist.: Cape Ann to Pensacola. 
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Micrations: Reaches Jersey coast in April, most abundant in May. 


Season 1n R.I.: First appears in May. A few are present throughout the 
season until October. 


REPRODUCTION: Spawns in June. (Smith, Fishes of Woods Hole.) 
Hapsirat: Deep channels, sandy bottoms. Occurs singly, not in schools. 
Foop: Bottom feeders. Small crustacea, annelids, sometimes young fishes. 


Size: At Woods Hole the young one inch long appear in the middle of July 
on sandy beaches. These become 4 or 5 inches long in October. (Smith, 
loc. cit.) 


123. Pogonias cromis (Linnzus). Drum. 
Groc. Dist.: Abundant on South Atlantic and Gulf coasts, rare north to 
Provincetown. 
Season IN R.I.: Very rare. 
Hapitat: Sluggish swimmers, living on the bottom. 


Foop: Bottom-dwelling invertebrates. This fish is especially destructive 
to oysters. 


Size: Average, 20 pounds, maximum, 80 pounds. Young specimens much 
unlike adults. 


POMACENTRID®. The Demoiselles. 


124. Abudefduf saxatilis (Linnezus). Pintano; Cow-pilot. 


GroG. Dist.: Tropical America on both coasts, abundant in West Indies. 


Gill in 1870 mentioned a specimen of this species from Rhode Island. 
(Proc. Ac. Nat. Sci. Phila., 1870, 120.) 


Foop: Free-swimming crustacea. 


LABRID. The Wrasse-Fishes. 


125. Tautogolabrus adspersus (Walbaum). Cunner; Chogset. 


Groc. Dist.: Labrador to Sandy Hook. 

Season IN R. I.: Extremely abundant the year round; hibernates in the 
eelgrass during the winter. 

Hapitrat: Shoal water around shores and wharves. 

REPRODUCTION: Spawns in June and July. 
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Foop: Like that of the tautog. Browses around wharves, piles, and similar 
places, eating fishes, tunicates, hydroids, annelids, small crustacea, 
univalve molluscs; an important scavenger of harbors, feeding on all 
kinds of dead animal matter. 


Size: Teninches. Young 1 inch long appear August 1. (Smith, loc. cit.) 


126. Tautoga onitis (Linnzus). Tautog; Blackfish. 
Geog. Dist.: Atlantic coast, New Brunswick to Charleston. 


Season IN R. I.: Abundant from May to November, but taken in the 
greatest numbers from the middle of May till the middle of June. In 
winter they seek deeper water and probably hibernate among the rocks. 
A few have been taken in Rhode Island in midwinter with lines and in 
lobster pots. (Goode.) There are instances of their death in great 
numbers during very cold winters. In February, 1857, after a very cold 
season, hundreds of tons of tautog drifted on the shores of Block Island; 
in 1841 the same thing occurred on the southern shores of Massachusetts 
and Rhode Island. (Goode.) In 1900 the first specimen taken at Paw- 
tuxet was on April 26. 

Hasirat: Shallow water on exposed shores about rocks and seaweed. 

REPRODUCTION: Spawns from May through July, probably in eelgrass. The 
young appear about August 1. 

Foop: MHard-shelled molluscs and crustacea. 

Size: The largest one on record was taken at New York, July 1876, and 
measured 364 inches. 


EPHIPPID. The Angel-Fishes. 


127. Chzetodipterus faber (Broussonet). Spadefish; Angel-fish; Moon-fish. 


Groce. Dist.: Cape Cod to Rio Janeiro, very abundant on our south Atlantic 
coast. 


Season InN R.I.: Very rare. One specimen, 17 inches long, is in possession 
of the Commission, taken in Narragansett Bay, date uncertain. 


Foop: Shrimp, annelids, foramenifera, diatoms. 


CHAATODONTID. The Butterfly Fishes. 


128. Chzetodon ocellatus (Bloch). Parché. 


Groce. Dist.: Common at West Indies, the young straying northward to 
New Jersey, Rhode Island, and Cape Cod. 
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Season IN R.I.: Gill describes a young specimen 1 inch long from Newport. 
(Proc. Ac. Nat. Sci. Phila., 1861, 99.) 


BALISTID. The Trigger-Fishes. 


129. Balistes forcipatus (Gmelin). Powell’s Filefish. 


Groc. Distr.: Africa, occasionally straying to American coasts. 

This species has been identified with Balistes powelli. (Jordan and 
Evermann, Fishes of North America, 1702.) Only one specimen has 
ever been recorded from northern waters; this was a young individual 
taken in September, 1867, at Newport by Samuel Powell and described 
by Cope. (Proc. Ac. Nat. Sci. Phila., 1870, 120.) 


130. Balistes carolinensis (Gmelin). Tvrigger-fish; Leather-jacket. (Plate V.) 


Groa. Dist.: Tropical parts of the Atlantic north in the Gulf Stream to 
England and Cape Cod. 


Season in R. I.: Somewhat rare, but generally a few are taken each year. 
One specimen, taken in a trap in the West Passage, Narragansett Bay, 
August 1, 1905, and another October 9, 1905, with tautog, near the north 
end of Conanicut Island. Specimen from Newport in the U. S. National 
Museum. (Proc. U.S. Nat. Mus., 1880, 77.) 


REPRODUCTION: Supposed to spawn in deep water. 


Foop: Molluses, crustacea. 


MONACANTHID®. The Filefishes. 


131. Monacanthus hispidus (Linneus). oolfish; Filefish. 
Groa. Dist.: Cape Cod to Cuba, through the West Indies to Brazil. 


Spason in R.J.: A few specimens taken in Rhode Island waters, the maxi- 
mum size being 5 or 6 inches. A specimen from Newport in the U. §. 
National Museum. (Proe. U.S. Nat. Mus., 1880, 76.) 


Foop: Small crustacea, annelids, lamellibranchs, small gasteropods. 


Size: Adults, 10 inches; only the young found north. 


132. Ceratacanthus schoepfii (Walbaum). Fooljish; Filefish. 
Grog. Dist.: Cape Cod to Florida and Texas. 


Season IN R.I.: Occasionally taken in August and September. Specimen 
from Newport in the U. S. National Museum. (Proc. U. S. Nat. Mus., 
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1880, 76.) Four taken in the traps in Narragansett Bay during August, 
1905. One young specimen, 4 inches long, taken in trap at Goose Neck, 
near Wickford, October 9, 1905. Young, 1 to 4 inches long, common 
under gulfweed in summer. 

RepropuctTion: Probably spawns in mid-ocean. (Goode.) 


Foop: Small crustacea, jelly-fishes, ctenophores, hydroids. 


OSTRACIID. The Trunkfishes. 


133. Lactophrys trigonus (Linnezus). Trunkfish; Shell-fish. 
Grog. Dist.: West Indies, north to Woods Hole. 


Size: Young specimens 1 inch long are common from July to October at 
Woods Hole in eelgrass and around wharves. (Smith.) 


TETRAODONTID2. The Puffers. 


134. Lagocephalus levigatus (Linneus). Smooth Puffer; Puffer. 
Geog. Dist.: Cape Cod to Brazil. 


SEASON IN R.J.: Somewhat rare. One specimen taken in Narragansett Bay, 
July 22, 1887. Three were taken in the year 1900, the largest weighing 
10 pounds, caught October 4 at Tiverton; one at Newport, collected by 
Mr. J. M. K. Southwick, and a third taken in a purse-net near Point 
Judith, September 28. Specimen 44 inches long taken in early August, 
1905. This is an interesting specimen in view of the fact that Smith says 
that those of this species taken at Woods Hole are all about 11 or 12 
inches long, small ones never being observed. 


ReEpropuction: Said to breed near Pensacola in June and July. 


SizzE: Average, 2 feet. 


135. Spheroides maculatus (Bloch & Schneider). Swellfish; Puffer. 
GxroGc. Dist.: Atlantic coast of United States from Cape Ann to Florida. 


Season IN R. I.: Very common from May to October. Many young speci- 
mens, an inch long and upwards, are taken in the seines on the sandy 
beaches through July and August. 

Repropucrion: Spawns from June 1to10. (Smith.)’ 

Foop: Bottom invertebrates; small crabs, hermit crabs, shrimp, molluses, 


crepidule, annelids. 
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136. Spheroides testudineus (Linnzus). 


Grog. Dist.: West Indies north to Newport. 


Srason in R. I.: Has been taken at Newport. (Cope, Proc. Ac. Nat. Sci. 
Phila., 1870, 120.) 


137. Spheroides trichocephalus (Cope). 


This species is known only from Cope’s description of a small specimen 4 
inches long taken by Samuel Powell in the Gulf Stream off Newport. 
Possibly the young of Spheroides pachygaster. (Cope, Proc. Ac. Nat. Sci. 
Phila., 1870, 120.) . 


DIODONTID. The Porcupine-Fishes. 


138. Chilomycterus schoepfi (Walbaum). Swell-toad; Puffer; Porcupine-fish. 


Geog. Dist.: Cape Cod to Florida, abundant south in shallow water. 


SrAsoNIN R.I.: Two specimens from Rhode Island are in the U.S. National 
Museum; one was taken at Newport, (Proc. U.S. Nat. Mus., 1880, 75); the 
other was taken at Watch Hill by the U.S. Fish Commission, September 
18, 1874. (Bull. U. S. Nat. Mus., 1879, 24.) In 1903 Mr. Fowler, of 
Wickford, took a specimen in a dredge in Narragansett Bay opposite 
Hamilton. 


Foop: Crustacea, molluscs. 


Size: Six to 10 inches. 


MOLID®. The Head-Fishes. 


139. Mola mola (Linneus). Sunfish. 


Grog. Dist.: Tropical seas, north to San Francisco, Cape Cod, and England. 
Season 1n R.I.: Occasionally taken at Block Island in late summer. 
Hapirat: Surface of the open water. 


Repropuction: Nothing is known about its breeding habits, but the young 


are sometimes taken in mid-ocean. 

Foop: Fishes, crustacea, ctenophores, jelly-fishes. 

Size: Largest on record was taken at California, 8 feet, 2 inches long, weigh- 
ing 1,800 pounds. 
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SCORPAENIDA. The Rock-Fishes. 


140. Helicolenus dactylopterus (De la Roche). 
Groac. Dist.: Narragansett and Chesapeake Bays, in deep water. Common 
in the Mediterranean. 


Season In R.I.: First discovered in America in 1880 off Narragansett Bay, 
by the Fish Hawk. (Goode and Bean, Oceanic Ichthyology, 1896, 249.) 


COTTIDAE. The Sculpins. 


141. Myoxocephalus zeneus (Mitchill). Little Sculpin; Grubby. 
Groc. Dist.: Coast of southern New England and New York. 
Srason In R. I.: Common throughout the year. 
REPRODUCTION: Spawns in March; the eggs at that time may be seen sticking 
to nets and seaweed. 
Foop: Bottom invertebrates; annelids, copepods, shrimp, young flounders. 


Size: Maximum, 6 to 8 inches. Specimen 3 inches long taken in seine at 
Willow Beach near Wickford, July 17, 1905. 


142. Myoxocephalus groenlandicus (Cuvier & Valenciennes). Daddy Scul- 
pin; Sculpin. 
Grog. Dist.: New York to Greenland. 
Srason In R. J.: Common in October and November. 
REPRODUCTION: Spawns in November and December. 
Foop: Fishes, crustacea, worms. 


Size: Maximum, 25 inches. 


143. Myoxocephalus octodecimspinosus (Mitchill). Highteen-spined Scul- 
pin; Sculpin. 
Gxoc. Dist.: Labrador to Virginia, common about Cape Cod. 
Srason 1n’R. I.: Common in October and November. Specimen taken 
May 29, 1905, off Brenton’s Reef, Newport. 


REPRODUCTION: Spawns in November and December. 


Sizz: About a foot long. 


144. Hemitripterus americanus (Gmelin). Sea-raven; Red Sculpin. 


Groc. Disr.: Atlantic coast, New York to Labrador. 
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Season IN R. I.: Occasionally taken in October and November. Two 
specimens from Newport are in the U. 8. National Museum. (Proc. U.S. 
Nat. Mus., 1880, 86.) October 9, 1905, a specimen taken at the north 
end of Conanicut Island. 


Foop.: All bottoms invertebrates; molluscs, crustacea, sea urchins, worms. 
Useful scavengers. 


CYCLOPTERID. The Lump-Suckers. 


145. Cyclopterus lumpus (Linnzus). Lumpjish. 


Geoa. Dist.: North Atlantic, south to France and Cape Cod. 

Season IN R.I.: Fairly common in April, May, and June. Specimen from 
Newport in the U. S. National Museum. (Proc. U. 8. Nat. Mus., 1880, 
83.) 

Hapirat: Rocky shores. 

REPRODUCTION: Spawns in April and May near the shore. ‘‘The female 
then retires to deep water, leaving the male to watch the eggs which hatch 
among seaweed and eelgrass.’”’ (Garman.) The young are sometimes 
taken in the summer under drifting seaweed. 

Foop: Ctenophores, small jelly-fishes. 


S1zE: Sometimes reaches 20 inches, but generally less. 


LIPARIDIDA. The Sea-Snails. 


146. Liparis‘liparis (Linneus). Sea-snail; Sucker. 


Groa. Dist.: North Atlantic on both shores, north to Spitzbergen, south’ 
to Connecticut and France. Most abundant in North Europe. 


Season In R.I.: In the U. 8. National Museum is a specimen taken by the 
U.S. Fish Commission at Watch Hill Reef, August, 1874. Small specimen 
taken in September, 1874, off Block Island, from the shell of a large species 
of scallop, Pecten tenwicostatus. (Goode, Nat. Hist. of Aquatic Animals, 
234.) Common in winter on rocky bottoms. (Smith.) 


Hasirat: Parasitic, living within the shells of large scallops, in company 
with a small crab. 


ReEpRopucTION: Found full of spawn in December and January. (Smith.) 
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TRIGLID. The Gurnards. 


147. Prionotus carolinus (Linnzeus). Common Gurnard; Sea-robin. 
Groc. Dist.: Cape Cod to South Carolina. But in 1896, between July 4 and 


14, over 25 specimens were taken in Casco Bay, Maine. 


Srason IN R. I.: Appears in May, and is common until October. Two 
specimens from Newport in the U. 8. National Museum. 


REPRODUCTION: Spawns in June. 


Foop: Fishes, one specimen had four winter flounders in the stomach. 


Also young clams, squids, molluscs, shrimp, annelids. 


148. Prionotus strigatus (Cuvier & Valenciennes). Sea-robin; Red Sculpin. 
Groa. Dist.: Atlantic coast, Cape Cod to Virginia. 
SEASON IN R. I.: Common in shallow water in summer. 


REPRODUCTION: Spawns in summer. (Smith.) 


CEPHALACANTHID®. The Flying Gurnard. 


149. Cephalacanthus volitans (Linneus). Flying Robin; Flying Gurnard. 


Grog. Dist.: Atlantic Ocean, on both coasts. 


ECHENEIDID®. The Remoras. 


150. Echeneis naucrates (Linneus). Shark Sucker; Remora. 


GroG. Dist.: Warm seas, universally distributed, north to Cape Cod and 


San Francisco. 


Season IN R. 1.: In the warmer part of the summer they are occasionally 


found swimming around in the traps or attached to almost any fish. 


Hasirar: Very common in the tropics, attached to turtles or any large fish. 


151. Echeneis naucrateoides (Zuieuw). Sucker. 


Geoac. Disr.: The same as the above species. 


Seasonin R.I.: Specimen from Newport in U.S. National Museum. (Proc. 
U.S. Nat. Mus., 1880, 102.) One taken in a trap in Dutch Island Harbor, 
Narragansett Bay, October 2, 1905. 


152. Rhombochirus osteochir (Cuvier). Spearfish Remora. 
Geoac. Disr.: West Indies north to Cape Cod. Rare. 


Hasirat: Parasitic on spearfish (Tetrapturus). 


Or 
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BATRACHOIDID. The Toadfishes. 


153. Opsanus tau (Linnzus). Toadfish; Toad-grunter. 
Groc. Dist.: Cape Cod to Cuba. 


Season IN R. I.: Common throughout the year in shallow water under 


stones and eelgrass. 
Hapitat: Among rocks and weeds close to the shore. 


REPRODUCTION: Spawns in June, the eggs being attached to the under sides 
of sticks and stones. 


Foop: Young fishes and all kinds of bottom invertebrates. 


Size: Maximum, 15 inches. 


BLENNIID. The Blennies. 


154. Pholis gunnellus (Linnzus). Butter-fish; Rock Eel. 
Geog. Dist.: North Atlantic, Labrador to Rhode Island, Norway to 


France. 
Season In R.I.: Occurring rarely in spring. 
Hasitrat: Rocky shores among alge, in deep water in winter. 


Size: Twelve inches. 


ANARHICHADID. The Wolf-Fishes. 


155. Anarhichas lupus (Linnezus). Wolj/-fish; Catfish. 
Geoc. Dist.: North Atlantic south to Rhode Island and France. 


Season IN R. I.: In the U. S. National Museum is a cast of a specimen 
taken by the U. 8. Fish Commission at Coxswain’s Lodge, R. I., July 25, 
1875. (Bull. U.S. Nat. Mus., 1879, 32.) 


Size: Three or 4 feet. 


ZOARCID®. The Eel-Pouts. 


156. Zoarces anguillaris (Peck). Fel-pout; Sea Eel. 
GroG. Dist.: Delaware to Labrador. 
SEASON IN R.I.: Offshore waters in the autumn. 
Hapirat: Deep water. 


Size. ‘Twenty inches. 
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157. Lycodes reticulatus (Reinhardt). Eel-pout. 
Groce. Dist.: North Atlantic, south to Narragansett Bay. 


Season 1n R. I.: The National Museum contains two specimens taken by 
the Fish Hawk in Narragansett Bay in 17 fathoms, September, 1880. 
(Goode and Bean, Oceanic Ichthyology, 1896, 305.) 

Hasirat: Deep water, 17 to 140 fathoms. 


Size: Fourteen inches. 


MERLUCCIIDE. The Hakes. 


158. Merluccius bilinearis (Mitchill). Silver Hake; Whiting; Frost-fish. 
Grog. Dist.: Coast of New England, northward to Straits of Belle Isle; 


south in deep water to the Bahamas. 

Season In R. I.: A few taken in May in offshore waters. Common in 
Narragansett Bay in October. 

Repropuction: In September and October, 1880, while exploring the 
ocean bottom off Newport and at the edge of the Gulf Stream, immense 
numbers of the young of this species, from 4 inch to 3 inches in length, 
were taken on the bottom, in water 150 to 487 fathoms deep; with them 
were taken many adults, 12 to 18 inches in length, apparently in the act 
of spawning, some with ripe or nearly ripe ova, others which were evidently 
spent fish. The largest of these young must have been hatched from eggs 
shed in July. Thus the spawning season must be somewhat extended, 
lasting well into the fall. In September an adult taken at Halifax, N. S., 
was full of nearly ripe spawn. (Goode, Nat. Hist. of Aquatic Animals 
242.) 

Foop: This species is a fish of prey, coming to the surface to capture herring 
and other small fishes. Also feeds upon crabs and small crustacea. 


GADIDA. The Cods. 


159. Pollachius virens (Linneus). Pollock. 
Grog. Dist.: North Atlantic, south on both coasts to New Jersey and 
France. 
Migrations: Like the cod, appearing in New England shore waters in cool 
weather, leaving when temperature reaches 60° or 65°F. Reach Nan- 


tucket early in April. 
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‘Season 1n R. I.: Not common in Narragansett Bay. A large run arrives 
in offshore waters in the middle of May, probably leaving in June. 
Comes in again in September and October and are present through the 
winter. A small specimen, 14 inches long, taken September 11, 1905, 
Dutch Island Harbor, Narragansett Bay. On May 15, 1905, and during 
the few following days a large run of pollock took place all along the shore 
from Brenton’s Reef to Sakonnet. This was the largest run for years, 
and made havoc among the scup schools. 


Repropuction: Like the cod, spawning takes place in winter in the open 
water. The eggs are buoyant, but smaller than those of the cod. 


Hapitat: Like the cod; a bottom and deep-water fish. But it is more often 
seen on the surface than the cod, congregating in large schools which roam 
from place to place preying on fishes of all sorts. 


Foop: Fishes of all kinds; seup, young codfish. 


Size: Tenor12 pounds. Schools of young at Woods Hole in April, 1 to 14 
inches long; these are 4 inches long in June. In September there is a run 
of pollock 7 or 8 inches long. 


160. Microgadus tomcod (Walbaum). Tomcod; Frostfish. 


Groc. Disr.: Virginia to Labrador. 


SEASON IN R.I.: Present along the coast the year round; common in streams 
and near shores in winter. 


REPRODUCTION: Spawns in shore waters in December. 
Foop: Annelids, shrimp, amphipods, and other small crustacea. 


Size: Rarely over 12 inches. 


161. Gadus callarias (Linneus). Cod. 


Grog. Dist.: North Atlantic, south to Virginia and France. 

Miarations: Prefers a temperature of 35° to 42°F., therefore it remains on 
the offshore banks during summer along the New England coast, keeping 
out in the cold Labrador current, which extends south inside the Gulf 
Stream, coming into more shallow water in the winter. 

Srason In R.I.: Appears in October; height of season November 1; present 
all winter. A spring run takes place in April. 

RepropuctTion: The extreme length of the spawning period is from Septem- 
ber to May. The spawning of each fish probably continues through a 
period of two months. The eggs are buoyant. 
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Foop: Feeds on all marine animals smaller than itself. Many specimens 
of lobsters have been found in the stomach of cods; a 5-inch lobster was 
found in the stomach of a cod taken off Nantucket November 1, 1900. 


The very young feed exclusively on copepods. 


Size: At Woods Hole young, 4 to 1 inch in length, are seined in March. 
These leave about June 15, 3 or 4 inches in length. 


162. Melanogrammus eglifinus (Linnzeus). Haddock. 
Grog. Dist.: North Atlantic, south to France and North Carolina; in deep 
water to Cape Hatteras. 
REPRODUCTION: Spawning season in April, May, and June. 


Foop: Like that of the cod, but more largely of invertebrates. (Goode.) 


163. Urophycis regius (Walbaum). King Hake; Codling. 
Grog. Dist.: Nova Scotia to Cape Hatteras, but nowhere common except 
in the neighborhood of Long Island. 


Season IN R. I.: From September to November; not common. Rare in 
Narragansett Bay. Specimens taken in 155 fathoms of water off Newport 
by the Fish Hawk, September, 1880. 


HapiratT: Deep water. 


Size: Average about 10 inches. 


164. Urophycis tenuis (Mitchill). White Hake; Hake; Squirrel Hake. 
Grog. Dist.: Banks of Newfoundland to Cape Hatteras, abundant north- 
ward in deep water, reaching a depth of 304 fathoms. 


Season In R. I.: April to November; not so common as the Red Hake 


(Urophycis chuss). 


Repropuction: Probably spawns in spring and early summer. Young 
specimens found in the shells of Pecten tenuicostatus, off Watch Hill, 
September, 1874. (Goode.) 


Foop: Bottom feeding; fishes and crustacea. 


Size: One to 2 pounds. 


165. Urophycis chuss (Walbaum). Hake; Red Hake. 


GroGc. Dist.: Atlantic coast, Gulf of St. Lawrence to Virginia. 


Common northward, reaching a depth of 300 fathoms. 
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SEason 1n R. I.: Comes in about May 1 and is very common through May 
and June, but absent through the summer. Comes in again about Octo- 
ber 1 and is abundant until December. 


Hapirat: Bottom fish. 


Repropuction: They are said by the fishermen to be full of spawn when 
they first arrive, breeding season lasting through June and July. 


Foop: Crustacea and small fry. 


Size: Two to 5 pounds. 


166. Brosme brosme (Muller). Cusk; Ling. 
Groc. Dist.: North Atlantic, south to Long Island and Denmark, north to 
Iceland and Spitzbergen. Rare south of Cape Cod. 
SEASON IN R.J.: Specimen taken off Newport November, 1898. 
Hapitat: Deep water, inhabiting rocky ledges. 


REPRODUCTION: Said to spawn during April and May. 


PLEURONECTID. The Flounders. 


167. Hippoglossus hippoglossus (Linnzus). Halibut. 
GeoGc. Dist.: In all northern seas. In water of moderate depth in North 
Atlantic, North Pacific and Behring Sea; south in deep water to France, 
Sandy Hook, and San Francisco. 


Season In R. I.: In February, 1876, a few were taken about eight miles 
from the southeast point of Block Island. On May 1, 1876, off Watch 
Hill an 80-pound halibut was taken, the first in that vicinity for many 
years. On April 16, 1900, a 100-pound halibut was brought to Newport; 
it was taken with others off Block Island by a cod fisherman. It was 
formerly quite common around Block Island and Vineyard Sound. 


Hasirat: Cod banks of northern seas in water 32° to 45° F., from shoal 
water down to 250 fathoms or more. 

REPRODUCTION: Spawning season probably lasts from the latter part of the 
summer through the fall. (Goode.) 

Foop: Molluses and crustacea, and fishes of all sorts. 

Size: Up to 400 pounds. 

168. Hippoglossoides platessoides (Fabricius). | Sand-dab; Rough-dab; 
Rusty Flounder. 


Grog. Dist.: North Atlantic, common in deep water south to southern 
New England and the coast of England and Scandinavia. 
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Season in R. I.: Not unusual in deep water off southern Massachusetts 
and Rhode Island, approaching the coast in winter. (Proc. U. S. Nat, 
Mus., 1880, 471.) 


169. Paralichthys dentatus (Linnzus). Swmmer Flounder; Flounder; Fluke. 
Groc. Dist.: Atlantic coast, Cape Cod to Florida. 


Migrations: They are found northward in 2 to 20 fathoms; in winter they 
move out into deeper water. 

Season IN R. I.: May to the end of October. More abundant in summer 
than the winter flounder. 

Hasirat: Sandy bottoms. 

Foop: Small fishes, especially butter-fish and scup, crsutacea, molluscs, 


squid, sand dollars. 


170. Paralichthys oblongus (Mitchill). Four-spotted Flounder; Flounder. 


Groc. Dist.: Coasts of New England and New York, inhabiting deeper 
water than the other species of this genus. Common on the coast of Cape 


Cod, rare in other places. 


Season IN R. I.: Common in May and June in the outside waters. Not 
common in Narragansett Bay. Specimens were taken off the Rhode Island 
coast by the Fish Hawk, in September, 1880, at a depth of 100 fathoms. 


REPRODUCTION: Spawns in May. The eggs are buoyant, 1-26 inch in 
diameter and hatch in 8 days in water of 51° to 56°F. 


Foop: Crustacea, annelids, molluscs, small fishes. 


Size: Twelve inches. 


171. Limanda ferruginea (Storer). Rusty Flatfish. 
Groa. Distr.: Atlantic coast, Labrador to New York. 
SEASON IN R.I.: Common through the year in deep water. 


Foop: Crustacea, molluses, annelids, small fishes. 


172. Pseudopleuronectes americanus (Walbaum). Flatfish; Winter 
Flounder. 


Groc. Disr.: Atlantic coast, Labrador to Chesapeake Bay. 


Micrations: Moves very little with change of season, but goes out into 


somewhat deeper water during the hot’summer months. 
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Season in R. I.: Present the year round. More abundant in late winter 
and spring while spawning, and in October. A few are taken in traps in 
the summer, but it is not so common at that time as the summer flounder 
(Paralichthys dentatus). A specimen 5 inches long was seined at Willow 
Beach near Wickford, July 17, 1905. A dark bellied variety appeared 
in Greenwich Bay in 1897; apparently these have since disappeared. 
(Bulletin U. S. Fish Commission, 19, 1899, 305.) 

Hapirat: Grassy and muddy bottoms. 

REPRODUCTION: Spawns from February to April. The eggs are 1-30 of 
an inch in diameter and very glutinous. The average number of eggs ina 
single individual is 500,000. The eggs hatch in 17 or 18 days in water 
37° or 38°F. (Smith.) 


Foop: Small fishes, shrimp and other small crustacea, molluscs, annelids. 


173. Lophosettal maculata (Mitchill). Window-pane; Sand-dab. 
Groac. Disr.: Atlantic coast of United States, Casco Bay to South Carolina. 
SEASON INm.I.: Very common from April to October. 
ReEpropuctTion: Spawns about June 1. The eggs are buoyant, non-ad- 
hesive, 1-24 of an inch in diameter; they hatch in 8 days in water 51° to 
56° F. 
Foop: Fishes and crustacea. 


Size: Ten to 12 inches in length. Specimen 3 inches long, taken at Willow 
Beach, Wickford, July 17, 1905. 


SOLEID. The Soles. 


174. Achirus fasciatus (Lacépéde). Sole; Hog-choker; Black Flatjish. 
Groc. Dist.: Coasts of the Atlantic and the Gulf of Mexico north to Cape 


Ann. Common south of Susquehanna River. 


Season IN R.I.: Not very common in Narragansett Bay. Specimens from 
Providence and from Newport are in the U.S. National Museum. Speci- 
men taken August 14, 1905, in a trap in the West Passage. 


Foon: Hight specimens examined by Dr. Linton in 1899 had only vegetable 


debris (Fucus and eel-grass) in the alimentary canal. 


LOPHIID. The Fishing-Frogs. 


175. Lophius piscatorius (Linnzus). Goosefish; Bellows-fish; Angler. 


GroG. Dist.: North Atlantic, common on both coasts. Ranges southward 
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along the shore to Cape Hatteras; in deep water as far as The Barbadoes 
in 209 fathoms, and to the Cape of Good Hope. North to Norway and 
Nova Scotia. 


Season In R. IL: Very common from April to July; apparently absent in 
summer, probably going out into deeper water; common in shallow water 
again in October. In September, 1880, three specimens were taken in the 
tilefish area at depths of 120 to 365 fathoms. (Proc. U. S. Nat. Mus., 
1880, 461.) 


Hapirat: A sluggish, bottom-loving fish. It probably hibernates in deep 
water in winter. In the winter of 1904-1905 many of this species, about 
a foot in length, were frequently seen dead in Narragansett Bay and 
thrown up on the shores. This was probably caused by the excessive cold 
of that season. 


Repropuction: Probably spawns in July and August in deep water. The 
eggs are buoyant, enclosed in a ribbon-shaped gelatinous mass about a 
foot wide and 30 or 40 feet long. Young specimens have been found only 
at considerable depths. 


Foop: Extremely voracious in its feeding habits, swallowing all kinds of 
fishes, including large numbers of its own species. It has been known 
to swallow live water fowl, whence its common name. Dr. Linton found 
specimens whose stomachs contained large quantities of mud full of 
mollusea, small crustacea, and annelids. 


ANTENNARIID. The Frog-Fishes. 


176. Pterophryne histrio (Linneus). Marbled Angler; Sargassum Fish. 
(Plate VI.) 


Groce. Dist.: Tropical parts of the Atlantic, north to Cape Cod in floating 
masses of gulf weed. A specimen has been taken in Norway from seaweed 
floating in the Gulf Stream. A number of specimens have been taken at 
different times at Woods Hole and Nantucket Shoals. 

Season In R. I.: Two specimens were taken in 1904 at the mouth of the 
Sakonnet River, one on September 6, the other about a week later. 

Hapitat: Surface of tropical waters, chiefly under floating masses of gulf- 
weed. 

REPRODUCTION: Several specimens in an aquarium at Woods Hole spawned 
in August. The eggs were in long bands like those of the goosefish. 

This is one of the most interesting of our visitors from southern waters. 
It is usually found swimming under the bits of gulfweed which sometimes 


THE MARBLED ANGLER 


(Pterophryne histrio). 


PuLaTeE VI. 
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drift in from the Gulf Stream in summer and autumn during long east and 
southeast blows. This fish furnishes an interesting example of protective 
resemblance. Reference to the illustration given in Plate VI shows the 
mottling of its body and the numerous filamentous appendages attached 
to its skin. This gives them such a resemblance to the gulfweed in which 
they float that they must be very effectively hidden from their enemies. 
With regard to their habits, Smith (The Fishes of Wood’s Hole), speaking 
of some specimens in an aquarium at Wood’s Hole, says: ‘‘While clumsy 
in their movements they were adepts at approaching and capturing other 
fishes. They are quite cannibalistic and one 6 inches long swallowed 
another 4 inches long, and they frequently bit off the fleshy dermal ap- 
pendages of their fellows.” 


As far as is known the two specimens above referred to are the only 
members of this species ever taken in Rhode Island waters. Their pres- 
ence here at that particular time is explained by the following data which 
has been kindly furnished by Mr. W. L. Day, Observer, Weather Bureau, 
Block Island. The direction of the wind during the two weeks previous to 
September 6, 1904, was prevailingly southwest for five days, east for three 
days, south for three days, northwest for three days. The mean velocity, 
moreover, for the two weeks under consideration was greater than the 
average by a difference amounting to about five miles an hour, the normal 
hourly velocity for August and September being 13 miles, and the average 
hourly velocity for the two weeks being 18. Remembering the general 
trend of the Atlantic coast and bearing in mind the fact that Cape Cod is 
less than 100 miles distant from the western edge of the Gulf Stream, it is 
easily seen that the drift of the Gulf Stream and the winds of the direction 
and velocity noted above would unite to.form a resultant acting on the 
floating masses of gulfweed so as to drive them northward and into the 
huge ‘“‘pocket”’ formed by the configuration of the southern New England 


coast. 


OGCOCEPHALID. The Bat Fishes. 


177. Dibranchus atlanticus (Peters). 


Groa. Dist.: Deep waters of the Atlantic; very abundant in about 300 
fathoms; north in the Gulf Stream to Rhode Island. 


Season In R. I.: - Very many specimens have been taken in the tile-fish area 
at depths ranging from 100 to 500 fathoms. A single specimen was cap- 
tured off Block Island in 1880. (Goode and Bean, Oceanic Ichthyology, 
1896, 501.) 


APPENDIX. 


A PARTIAL LIST OF FISHES OBTAINED IN THE GULF 
STREAM SOUTH OF RHODE ISLAND. 


1. Psenes edwardsii (EKigenmann). 


A single specimen, 90 mm. in length, was taken for the first time about July 
28, 1900, by the schooner Grampus from under a Medusa 30 miles south of 
Newport. (Bull. U.S. Fish Commission, 21, 1901, 35.) 


2. Lopholatilus chamzeleonticeps (Goode & Bean). Tilefish. 

Groc. Dist.: Deep water of western Atlantic. Taken in water not less 
than 55 fathoms in depth directly to the south of Rhode Island, in the 
area between 69° and 73° W. longitude and 40° 20’ to 39° 47’ N. latitude. 
(Bull. U.S. Fish Commission, 1898, 321.) 

Foop: Preéminently a crab eater; there have also been found, in the stomach 


of many specimens, squids, molluses, holothurians, spiny dogfish, eels, and 
fish bones. 


The following fishes were dredged off the southern coast of New England, by 
the U.S. Fish Commission steamer Fish Hawk, September 1, 1899, 40° N. latitude, 
70° W. longitude. (Bull. U.S. Fish Commission, 19, 1899, 240.) Those marked 
with a * have already been mentioned in the list of Rhode Island fishes given 
above. It is interesting to note their occurrence in the Gulf Stream, as it in 


part explains their occasional presence in Rhode Island waters nearer shore. 
3. Seriola fasciata (Bloch). Range, West Indies to Charleston, S.C. One 
specimen. 


4. *Trachurops crumenophthalmus (Bloch). Range, Atlantic coast of 
United States. Two specimens. j 


5. *Caranx crysos (Mitchill). AHard-tail. Range, Cape Cod to Brazil. One 
specimen. 


6. 


11. 


123 


the 
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Glossamia pandionis (Goode & Bean). Range, deep water cff Chesapeake 
Bay. One specimen. 


*Abudefduf saxatilis(Linnzeus). Range, both coasts of tropical America. 
One specimen. 


Balistes vetula (Linneus). Trigger-fish. Range, tropical parts of the 
Atlantic, Gulf Stream to Woods Hole. One specimen. 


*Monacanthus hispidus (Linneus). File-fish. Range, Cape Cod to 
Brazil. Several specimens. 


Lycenchelys verrilli (Goode & Bean). Range, coast of Massachusetts 
and northward. One specimen. 

*Merluccius bilinearis (Mitchill). Whiting or Silver Hake. Range, 
coast of New England and northward. ‘Two specimens. 


*Helicolenus maderensis (Goode & Bean). Range, deep waters of At- 
lantic coast from New York to Florida. One specimen. 


Raja eglanteria (Bosc). Skate. Range, Cape Cod, southward to Florida. 
One specimen. 


*Dibranchus atlanticus (Peters). Range, Gulf Stream. Several speci- 


mens. 


Note : The following should be added to the List of Rhode Island Fishes: 


178. Lucius reticulatus (Le Seur). Pickerel; Green Pike. 


179. 
180. 
181. 
182. 


Pygosteus pungitius (Linneus). Nine-spined Stickleback. 
Sphyrzena borealis (De Kay). Northern Barracuda. 
Micropterus salmoides (Lacépéde). Large-Mouthed Black Bass. 
Perca flavesceus (Mitchill). Yellow Perch. 


INDEX 


* 


OF THE COMMON AND SCIENTIFIC NAMES OF ALL FISHES IN THE 


A. 


Abramis crysoleucas, 50 

Abudefduf saxatilis, 77, 95 

Achiurus fasciatus, 91 

Acipenser brevirostrum, 49 

Acipenser sturio, 49 

Acipenseride, 49 

Albula vulpes, 52 

Albulide, 52 

Alectis ciliaris, 67 

Alewife, 53 

Alopias vulpes, 45 

Alopide, 45 

Alosa sapidissima, 54 

Amber-fish, 66 

Amber-fishes, 65 

Ameiurus nebulosus, 49 

Ammodytes americanus, 62 

Ammodytide, 62 

Anarhichadide, 85 

Anarhichas lupus, 85 

Anchovies, 56 

Anchovy, 56 

Anchovy, striped, 56 

Angel-fish, 48, 78 

Angel-fishes, 78 

Angler, 91 

Angler, marbled, 92 

Anguillide, 50 

Antennariide, 92 

Apeltes quadracus, 60 

Apogon imberbis, 71 

Archosargus probatocephalus, 
5 


7 
Argentinide, 57 
Atherinids, 61 
Auxis thazard, 63 


B. 


Balistes carolinensis, 79 
Balistes forcipatus, 79 
Balistes vetula, 95 

Balistide, 79 

Banded Pickerel, 57 
Barndoor skate, 47 
Barracuda, 62 

Barracuda, northern, 95 
Barracudas, 62 

Bass, black, 72 

Bass, black, large-mouthed, 95 
Bass, black, small-mouthed, 70 
Bass, sea, 72 

Bass, striped, 71 

Basses, sea, 71 

Bat fishes, 93 

Batrachoidide, 85 

Beleosoma nigrum olmstedi, 70 
Bellows-fish, 91 

Big-eye, 73 

Big-eyed herring, 52 

Big-eyed scad, 66 

Big skate, 47 

Billfish, 58, 59 

Black bass, 72 

Black bass, large-mouthed, 95 
Black bass, small-mouthed, 70, 
Black flatfish, 91 

Black-nosed dace, 50 
Black-winged flying fish, 59 


PRECEDING LISTS. 


Blackback, 54 
Blackfish, 78 
Blennide, 85 
Blennies, 85 
Blue-back, 52 
Blue shark, 45, 46 
Bluefish, 68 
Bluefishes, 68 
Bonito, 63, 64 
Bony fish, 55 
Branch herring, 53 
Brevoortia tyrannus, 55 
Brook sucker, 50 
Brook trout, 57 
Brosme brosme, 89 
Buckie, 53 
Bullhead, 49 ~ 
Bull’s-eye mackerel, 63 
Butterfish, 70, 85 
Butterfishes, 69 
Butterfly-fishes, 78 
Butterfly ray, 48 


Cc. 


Carangide, 65 

Caranx crysos, 67, 94 
Caranx hippos, 67 
Carcharhinus milberti, 45 
Carcharhinus obscurus, 45 
Carcharias littoralis, 46 
Carchariide, 46 

Cardinal fishes, 71 

Carps, 50 

Catalufas, 73 

Cat-fish, 85 

Cat-fish, gaff-topsail, 49 
Cat-fish, sea, 49 
Cat-fishes, 49 
Catostomide, 50 
Catostomus commersonii, 50 
Centrarchide, 70 
Centropristes striatus, 72 
Cephalacanthide, 84 
Cephalacanthus volitans, 84 
Ceratacanthus schoepfii, 79 
Cereen, 64 
Cheetodipterus faber, 78 
Cheetodon ocellatus, 78 
Cheetodontide, 78 
Cheilodipteride, 71 
Chogset, 77 

Chub mackerel, 63 

Chub sucker, 50 
Cigar-fish, 66 

Clupea harengus, 52 
Clupeide, 52 
Cobbler-fish, 67 

Cod, 87 

Codling, 88 

Cods, 86 

Common killifish, 58 
Common mackerel, 62 
Common pompano, 68 
Common sucker, 50 
Conger eel, 51 

Conger eels, 51 

Cornet fishes, 60 
Cottide, 82 

Cow-nosed ray, 49 


Cow-pilot, 77 
Crampfish, 47 

Crevallé, 67 

Crevallé, yellow, 67 
Cunner, 77 

Cusk, 89 

Cutlas-fish, 65 
Cutlas-fishes, 65 
Cyclopteride, 83 
Cyclopterus lumpus, 83 
Cynoscion regalis, 75 
Cyprinide, 50 
Cypsilurus fureatus, 59 
Cypsilurus gibbifrons, 60 


D. 
Dace, 50 
Dace, black-nosed, 50 
Daddy sculpin, 82 
Darter, 70 
Dasyatide, 48 
Dasyatis centrura, 48 
Dasyatis hastata, 48 
Decapterus macarellus, 66 
Deacpterus punctatus, 66 
Demoiselles, 77 
Dibranchus atlanticus, 93, 95 
Diodontide, 81 
Dogfish, 46 
Dogfish, smooth, 44 
Dogfish, spiny, 46 
Dogfishes, 46 
Dollar-fish, 67, 68 
Drum, 77 
Drums, 75 
Dusky shark, 45 


E. 


Eagle rays, 48 
Echeneidide, 84 
Echeneis naucrates, 84 
Echeneis naucratoides, 84 
Eel, 50 

Eel, conger, 51 

Fel, lamprey, 44 
Eel-pout, 85, 86 

Ell pouts, 85 

Eels, conger, 51 

Eels, rock, 85 

Fels, sea, 85 

Eels, true, 50 
Eighteen-spined sculpin, 82 
Electric rays, 47 
Elopide, 51 

Elops saurus, 52 
Engraulidide, 56 
Ephippide, 78 
Epinephelus niveatus, 71 
Erimyzon sucetta, 50 
Esocide, 58 

Esoceetide, 59 

Etrumeus sadina, 52 
Euleptorhamphus velox, 59 
Eupomotis gibbosus, 70 
Exoccetus volitans, 59 


F. 


Felichthys felis, 49 
Filefish, 79, 95 
Filefish, Powell’s, 79 
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Filefishes, 79 

Fishing-frogs, 91 

Fistularia tabacaria, 60 

Fistulariids, 60 

Flasher, 72 

Flatfish, 90 

Flatfish, black, 91 

Flatfish, rusty, 90 

Flounder, 90 

Flounder, four-spotted, 90 

Flounder, rusty, 89 

Flounder, summer, 90 

Flounder, winter, 90 

Flounders, 89 

Fluke, 90 

Flying fish, black-winged, 59 

Flying fishes, 59 

Flying gurnard, 84 

Flying robin, 84 

Foolfish, 79 

Four-spined stickleback, 60 

Four-spotted flounder, 90 

Frigate mackerel, 63 

Frog-fishes, 92 

Frost fish, 86, 87 

Fundulus diaphanus, 58 

Fundulus heteroclitus, 58 

Fundulus heteroclitus macro- 
lepidotus, 58 

Fundulus majalis, 57 


G. 


Gadide, 86 

Gadus callarias, 87 
Gaff-topsail cat-fish, 49 
Galeichthys milberti, 49 
Galeide, 44 

Garfish, 58 

Garfishes, 58 

Gascon, 66 
Gasterosteide, 60 
Gasterosteus bispinosus, 60 
Glossamia pandionis, 95 
Glut herring, 54 
Goggler, 66 

Golden shiner, 50 
Goody, 76 

Goosefish, 91 

Gray snapper, 73 

Great sea lamprey, 44 
Green pike, 95 

Grouper, snowy, 71 
Grubby, 82 

Gurnard, common, 84 
Gurnard, flying, 84 
Gurnards, 84 


H. 


Haddock, 88 

Hake, 88 

* Hake, king, 88 

Hake, red, 88 

Hakes, 86 

Hake, silver, 86, 95 

Hake, squirril, 88 

Hake, white, 88 

Halfbeak, 58 

Halfbeaks, 58 

Halibut, 89 

Hammer-head, 45 
Hammer-headed sharks, 45 
Hardtail, 67, 94 

Harvest fish, 69 

Head fishes, 81 

Helicolenus dactylopterus, 82 
Helicolenus maderiensis, 95 
Hemicramphiide, 58 
Hemitripterus americanus, 82 
Herring, 52 
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Herring, big-eyed, 52 

Herring, branch, 53 

Herring, glut, 54 

Herring, river, 53 

Herrings, 52 

Herring, round, 52 

Herring, sea, 52 

Herring, thread, 54 

Hickory shad, 53 

Hippocampus hudsonius, 61 

Hippoglossoides platessoides 
89 


Hippoglossus hippoglossus, 89 
Hog-choker, 91 

Holocentride, 62 

Holocentrus ascensionis, 62 
Horned pout, 49 

Horse mackerel, 64 
Hyporhamphus roberti, 58 


I 


Istiophoride, 65 
Isurus dekayi, 46 


Ms 
Jack, 67 
Jumping Mullet, 61 
K 


Killifish, 57, 58 
Killifish, common, 58 
Killifishes, 57 

King hake, 88 

King of the mullets, 71 
Kingfish, 64, 76 
Kyphoside, 75 
Kyphosus sectatrix, 75 


L. 


Labride, 77 

Lactophrys trigonus, 80 
Lady-fish, 52 

Lady-fishes, 52 
Lagocephalus levigatus, 80 
Lagodon rhomboides, 75 
Lamna cornubica, 46 
Lamnide, 46 

Lamprey eel, 44 
Lamprey, great sea, 44 
Lampreys, 44 

Lant, 62 

Large-mouthed black bass, 95 
Launce, sand, 62 
Leather-jacket, 65, 79 
Leiostomus xanthurus, 76 
Lepomis auritus, 70 
Leptocephalide, 51 
Leptocephalus conger, 51 
Limanda ferruginea, 90 
Ling, 89 

Liparidide, 83 

Liparis liparis, 83 

Little sculpin, 82 

Lizzard fish, 57 

Lizzard fishes, 57 
Lobotes surinamensis, 72 
Lobotide, 72 

Long-eared sunfish, 70 
Lookdown, 68 

Lophiide, 91 

Lophius piseatorius, 91 
Lopholatilus chamzleonticeps, 


Lophosetta maculata, 91 
Luciide, 57 

Lucius americanus, 57 
Lucius reticularis, 95 
Lumpfish, 83 
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Lump-suckers, 83 
Lutianide, 73 
Lycenchelys verrilli, 95 
Lycodes reticulatus, 86 


M. 


Mackerel, bull’s-eye, 63 

Mackerel, chub, 63 

Mackerel, common, 62 

Mackerel, frigate, 63 

Mackerel, horse, 64 

Mackerels, 62 

Mackerel sead, 66 

Mackerel shark, 46 

Mackerel sharks, 46 

Mackerel, Spanish, 64 

Mangrove snapper, 73 

Man-of-war, Portuguese, fish, 
69 

Marbled angler, 92 

Mayfish, 57 

Melanogrammus eglifinus, 88 

Menhaden, 55 

Menidia gracilis, 61 

Menidia menidia notata, 61 

Menticirrhus saxatilis, 76 

Merlucciide, 86 

Merluccius bilinearis, 86, 95 

Microgadus tomcod, 87 

Micropterus dolomieu, 70 

Micropterus salmoides, 95 

Mink, sea, 76 

Minnow, spring, 58 

Mola mola, 81 

Molide, 81 

Monacanthide, 79 

Monacanthus hispidus, 79, 95 

Moon-fish, 78 

Morone americana, 71 

Mugil cephalus, 61 

Mugi! curema, 61 

Mugilide, 61 

Mullet, jumping, 61 

Mullets, 61 

Mullets, king of the, 71 

Mullet, striped, 61 

Mullet, white, 61 

Mummichog, 58 

Mustelus canis, 44 

Myliobatide, 48 

Myliobatis freminvillei, 48 

Myoxocephalus seneus, 82 

Myoxocephalus groenlandicus, 
8 


Myoxocephalus octodecimspi- 
nosus, 82 


N. 


Narcobatide, 47 

Naucrates ductor, 66 
Needle-fishes, 58 
Neomenis griseus, 73 
Nine-spined stickleback, 95 
Nomeide, 69 

Nomeida, 69 

Nomeus gronovii, 69 
Northern barracuda, 95 
Notropis cornutus, 50 


Oo. 


Ogcocephalide, 93 

Old maid, 47 

Oligoplites saurus, 65 
Opisthonema oglinum, 54 
Opsanus tau, 85 

Osmerus mordax, 57 
Ostraciide, 80 
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P. 


Palinurichthys perciformis, 69 
Paralichthys dentatus, 90 
Paralichthys oblongus, 90 
Parché, 78 

Parexoccetus mesogaster, 59 
Peprilus paru, 69 

Perca flavescens, 95 
Perch, white, 71 

Perch, yellow, 95 
Perches, 70 

Percide, 70 

Petromyzon marinus, 44 
Petromyzonide, 44 
Pholis gunnellus, 85 
Pickerel, 57, 95 

Pike, green, 95 

Pikes, 57 

Pilot-fish, 66 

Pintano, 77 

Pipe-fish, 60 

Pipe-fishes, 60 
Pleuronectide, 89 
Peeciliid#, 57 

Pogonias, cromis, 77 
Pogy, 55 

Pole-fish, 69 

Pollachius virens, 86 
Pollock, 86 
Pomacentride, 77 
Pomatomide, 68 
Pomolobus estivalis, 54 
Pomolobus mediocris, 53 
Pomolobus pseudoharengus, 


Pomotomus saltatrix, 68 
Pompano, common, 68 
Pompano, round, 68 
Pompanos, 65 
Porcupine-fish, 81 
Porcupine-fishes, 81 
Porgies, 73 
Porgy, 73 
Poronotus tricanthus, 70 
Portuguese man-of-war fish, 69 
Pout, horned, 49 
Powell’s filefish, 79 
Priacanthide, 73 
Prionotus carolinus, 84 
Prionotus strigatus, 84 
Psenes edwardsii, 94 
Pseudopleuronectes ameri- 
canus, 90 
Pseudopriacanthus altus, 73 
Pterophryne histrio, 92 
Pteroplatea maclura, 48 
Puffer, 80, 81 
Puffer, smooth, 80 
Puffers, 80 
Pug-nosed shiner, 67 
Pygosteus pungitius, 95 


R. 


Raja eglanteria, 95 
Raja erinacea, 47 
Raja levis, 47 
Raja ocellata, 47 
Rajide, 47 

Ray, butterfly, 48 
Ray, cow-nosed, 49 
Ray, sharp-headed, 48 
Ray, sting, 48, 49 
Rays, eagle, 48 
Rays, electric, 47 
Rays, sting, 48 
Redfin, 50 

Red hake, 88 

Red sculpin, 82 
Remora, 84 


Remoras, 84 

Remora, spearfish, 84 
Requiem sharks, 44 
Rhinichthys atronasus, 50 
Rhinoptera bonasus, 49 
Rhombochirus osteochir, 84 
River herring, 53 

Roach, 50 

Robin, flying, 84 

Roccus lineatus, 71 
Rock eel, 85 

Rock fish, 71 

Rock fishes, 82 
Rough-dab, 89 

Round herring, 52 
Round pompano, 68 
Round robin, 66 

Rudder fish, 66, 69, 75 
Rudder fishes, 75 

Rusty flatfish, 90 

Rusty flounder, 89 
Rypticus bistrispinus, 72 


Ss. 


Sail-fishes, 65 

Sailor’s choice, 75 
Salmon, 56 

Salmon family, 56 
Salmonide, 56 

Salmo salar, 56 
Salvelinus fontinalis, 57 
Sanddab, 89, 91 

Sand eel, 62 

Sand launce, 62 

Sand launces, 62 
Sand shark, 46 

Sand sharks, 46 
Sarda sarda, 64 
Sargassum fish, 92 
Saurel, 66 

Sauries, 59 

Saury, 59 
Scabbard-fish, 65 
Scad, 66 

Sead, big-eyed, 66 
Scad, mackerel, 66 
Scienide, 75 
Scomber colias, 63 
Scomber scombrus, 62 
Scomberesocidez, 59 
Scomberesox saurus, 59 
Scomberomorus maculatus, 64 
Scomberomorus regalis, 64 
Scombride, 62 
Scorpenide, 82 
Seulpin, 82 

Seculpin, daddy, 82 
Sculpin, eighteen-spined, 82 
Seulpin, little, 82 
Sculpin, red, 82 
Seulpins, 82 

Scup, 73 

Scup, shiny, 75 
Scuppaug, 73 

Sea bass, 72 

Sea basses, 71 

Sea cat-fish, 49 

Sea eel, 85 

Sea herring, 52 
Sea-horse, 61 

Sea lamprey, 44 

Sea mink, 76 

Sea raven, 82 

Sea robin, 84 

Sea snail, 83 

Sea snails, 83 

Selene vomer, 68 
Seriola fasciata, 94 
Seriola lalandi, 66 
Seriola zonata, 66 
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Serranide, 71 

Shad, 54 

Shad, hickory, 53 

Shark, blue, 45, 46 
Shark, dusky, 45 

Shark, mackerel, 46 
Shark, sand, 46 
Shark-pilot, 66 

Sharks, hammer-headed, 45 
Sharks, mackerel, 46 
Sharks, requiem, 44 
Sharks, sand, 46 

Sharks, thresher, 45 
Shark-sucker, 84 
Sharp-headed ray, 48 
Sheepshead, 75 

Shellfish, 80 

Shiner, 50 

Shiner, golden, 50 

Shiner, pug-nosed, 67 
Shiny scup, 75 
Short-nosed sturgeon, 49 
Shovel-nose, 45 

Siluride, 49 

Silver hake, 86, 95 
Silverside, 61 

Silversides, 61 
Siphostoma fuscum, 60 
Skate, barndoor, 47 
Skate, big, 47 

Skate, summer, 47 

Skate, winter, 47 

Skates, 47 

Skipper, 58 
Small-mouthed black bass, 70 
Smelt, 57 

Smelts, 57 

Smooth dogfish, 44 
Snapper, gray, 73 
Snapper, mangrove, 73 
Snappers, 73 

Snowy grouper, 71 

Sole, 91 

Soleide, 91 

Soles, 91 

Spade-fish, 78 
Spanish-mackerel, 64 
Sparide, 73 

Spearfish, 65 

Spearfish remora, 84 
Speckled trout, 57 
Spheroides testudineus, 81 
Spheroides trichocephalus, 81 
Spheroides maculatus, 80 
Sphyrena borealis, 95 
Sphyrena guachancho, 62 
Sphyrenide, 62 
Sphyrnide, 45 

Sphyrna zygena, 45 
Spiny dogfish, 46 

Spot, 76 

Spring minnow, 58 
Squalide, 46 

Squalus acanthias, 46 
Squeteague, 75 

Squirrel fish, 62 

Squirrel fishes, 62 
Squirrel hake, 88 
Stenotomus chrysops, 73 
Stickleback, four-spined, 60 
Stickleback, nine-spined, 95 
Stickleback, two-spined, 60 
Sticklebacks, 60 ~ 

Sting ray, 48, 49 

Sting rays, 48 
Stolephorus brownii, 56 
Stolephorus mitchilli, 56 
Striped anchovy, 56 
Striped bass, 71 

Striped mullet, 61 
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Stromateide, 69 
Sturgeon, 49 
Sturgeon, short-nosed, 49 
Sturgeons, 49 
Sucker, 83, 84 
Sucker, brook, 50 
Sucker, chub, 50 
Sucker, common, 50 
Sucker, shark, 84 
Suckers, 50 

Summer flounder, 90 
Summer skate, 47 
Sunfish, 70, 81 
Sunfish, long-eared, 70 
Sunfishes, 70 
Swellfishes, 80 
Swelltoad, 81 
Swing-tail, 45 
Switchtail, 44 
Swordfish, 65 
Swordfishes, 65 
Sygnathide, 60 
Synodontide, 57 
Synodus foeteus, 57 


De 
Tarpon, 51 
Tarpon atlanticus, 51 
Tarpons, 51 
Tautog, 78 


Tautoga onitis, 78 
Tautogolabrus adspersus, 77 
Ten-pounder, 52 


Tetranarce occidentalis, 47 

Tetraodontide, 80 

Tetrapturus imperator, 65 

Thread fish, 67 

Thread herring, 54 

Thresher, 45 

Thresher sharks, 45 

Thunnus thynnus, 64 

Tilefish, 94 

Toadfish, 85 

Toadfishes, 85 

Toad-grunter, 85 

Tomcod, 87 

Torpedo, 47 

Trachinotus carolinus, 68 

Trachinotus falcatus, 68 

Trichiuriide, 65 

Trachurops crumenophthal- 
mus, 66, 94 

Trachurus trachurus, 66 

Trichiurus lepturus, 65 

Trigger-fish, 79, 95 

Trigger-fishes, 79 

Triglide, 84 . 

Triple-tail, 72 

Triple-tails, 72 

Trout, brook, 57 

Trout, speckled, 57 

Trumpet fish, 60 

Trunkfish, 80 

Trunkfishes, 80 

Tungpy, 63, 64 

Two-spined stickleback, 60 

Tylosurus marinus, 58 
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U 


Urophycis chuss, 88 
Urophycis regius, 88 
Urophycis tenuis, 88 


V. 
Vomer setipinnis, 67 


Weakfish, 75 
Whip-tail, 45 
White hake, 88 
White mullet, 61 
White perch, 71 
Whiting, 86, 95 
Window-pane, 91 
Winter flounder, 90 
Winter skate, 47 
Wolf fish, 85 
Wolf fishes, 85 
Wrasse-fishes, 77 


X. 
Xipihas gladius, 65 
Xiphide, 65 

Ve 
Yellow crevallé, 67 
Yellow Perch, 95 

Z. 


Zoarces anguillaris, 85 
Zoarcide, 85 


THE COMMON FISHES OF THE HERRING FAMILY. 


PLATES VII To XII. 


HENRY C. TRACY, A. M. 


BROWN UNIVERSITY, PROVIDENCE, R. I. 


The fishes of the herring family common in Rhode Island waters 
are the herring, the hickory shad, the alewife, the glut herring, the 
shad, and the menhaden. The shad (Plate XI) and the menhaden 
(Plate XII) are so well known as to require no description, but I 
have found by conversations with fishermen and others that con- 
siderable uncertainty exists as to the identity of some of the other 
more closely related species. The reason why the herring is not 
better known is doubtless due to the fact that its numbers in Rhode 
Island waters are so small that its capture is of little importance. 
The alewives are generally properly distinguished, but the fact that 
there are two distinct species of them does not seem to be generally 
known. This is due, probably, to the fact that the two species are 
so very much alike that special care is necessary to separate them; 
and as the market is good for both under the name “ alewife,’’ there is 
no necessity for distinguishing them. The following description of 
these species is given in order to make clear the differences be- 
tween them. 

The true herring (Plate VII), sometimes called the sea- herring or 
English herring, is probably the most important of all food fishes. It 
ranges along the North Atlantic coasts of both Europe and America 
in immense schools covering many square miles, and from which 
are captured every year thousands of millions of fishes. Its south- 
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ward limit of range on the American coast is Cape Hatteras, though 
its numbers south of Cape Cod are so far diminished as to make its 
capture in these waters of little importance. At Eastport, Me., 
the young are canned in oil and sold under the name of “sardines.” 
The true sardines, however, come only from France and are the young 
of the “pilchard,”’ another member of the herring family which does 
not occur on our coast. 

The true herring never spawns in rivers, but in shoal water in 
certain localities along the Atlantic coast from Newfoundland to 
Block Island, when the water reaches temperatures between 47° and 
57°F. Some schools spawn in the spring, others in the fall; but the 
spring schools ‘spawn almost exclusively to the east of the Bay of 
Fundy, and the fall schools entirely to the west of that place. 

It is readily distinguished from the other members of the herring 
family by the following points: Its body is long and slender, and 
compressed; it has teeth on the roof of the mouth and no sharp saw- 
tooth-like edge on the ridge of the belly; the distance from the pectoral 
fins to the ventral fins is greater than the distance from the ventral 
fins to the anal fin. 

The other three species of the herring family under consideration, 
namely, the hickory shad (Plate VIII), the alewife (Plate IX), and 
the glut herring (Plate X), differ from the true herring and agree with 
each other with regard to the following points: Their bodies are 
not elongated, but are somewhat oval in shape; they have no teeth on 
the roof of the mouth; they have a very sharp saw-tooth edge on the 
ridge of the belly; and the distance between the pectoral fins and 
ventral fins is about equal or less than the distance between the 
ventral fins and the anal fin. This difference in distance between 
the fins will be easily seen by reference to the plates. 

The hickory shad (Plate VIII) is distinguished from the alewife and 
the glut herring as follows: The form of its body is nearly oval and 
less heavy forward than is the case with the two other species; its 
head is longer and more slender; its lower jaw is also more projecting. 
There is a row of large dark spots on the upper forward part of the 
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body, as will be seen by reference to the illustration. The alewife and 
glut herring both have short thick heads, and their bodies are heavier 
forward. They are very similar to each other, and can best be 
distinguished by cutting open the body cavity; the lining membrane 
in case of the alewife is pale or gray in color, while it is black in the 
case of the glut herring. The fins are lower, also, in the glut herring, 
the eyes are smaller, and the body more elongated. 

Other names for the alewife (Plate IX) are the “river herring,” 
the “buckie,” and the “branch herring.”” Both the alewife and the 
glut herring run up the rivers in the spring to spawn like the shad. 
The herring never does so, and the hickory shad probably does not. 
The glut herring appears two or three weeks later than the alewife, 


coming in great numbers all at once. This fact, because of its. 


“olutting’”’? the markets, probably is the reason of its name. Its 
run does not last as long as that of the alewife. It is supposed not 
to go as far up the river, probably spawning not far above tide water. 
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V. A ConrinvaNcer OF THE SURVEY OF THE SHORES OF THE Bay, 
FOR THE PURPOSE OF DETERMINING THOSE PORTIONS WHICH 
ARE Most PRODUCTIVE OF SEED CLAMS, THOSE Most Favor— 
ABLE FOR THE PLANTING OF CLAMS AND FOR THE DISTRIBU-— 
TION OF LOBSTER FRY. 


Considerable progress was made during the past year in collecting 
data regarding the character of the shores of Narragansett Bay. 
A systematic survey was begun, charts of selected portions of the 
shore-line were made, on which were indicated all data regarding 
the character of the shore and facts regarding the presence of animal 
and plant life. Records of the water temperature and density were 
made in each section, and offshore dredgings and the collection of 
tow were systematically carried out. These charts were put on file 
and will be worked into a permanent chart of the whole Bay. The 
notes made and the specimens collected will be worked up as time 
allows, and will form the basis of a complete biological survey of 
the waters of the Bay, parts of which are already appearing in the 
previous section of this report. 

It will require considerable time to cover in such a thorough manner 
the extensive and varied shore-line of Narragansett Bay, especially 
when we consider the limited amount of time which can be spared 
from the other routine work for this purpose. The value of the work, 
however, is evident. Already there have been many species of 
animals found which were not known to occur in Rhode Island 
waters. The data regarding the distribution of the clam and the 
clam set, which were collected at the same time, are alone worth the 
trouble and expense of the undertaking. 


The following shores were thoroughly investigated this summer: 


Mill Cove (including shores of Cornelius and Rabbit Islands). 
Fishing Cove. 
The shore from Sauga Point to Quonset Point. 


’ 
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Quonset Point north to Allen’s Harbor. 

Rocky Point to Conimicut Point. 

Conimicut Point to Pawtuxet (including Greene’s Island). 
Bullock’s Point to Nayatt Point. 

Prudence Island. 

Patience Island. 

Kickemuit River. 

East shore Sakonnet River south to Sapowet Point. 
Upper west shore of Conanicut Island. 


Places dredged in addition to above: 


Wickford Harbor. 

Poplar Point, Cold Spring Beach. 
Off Vial’s Creek. 

Plum Beach Shoal. 

Dutch Island Harbor. 
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VI. THe CONTINUED INVESTIGATION OF THE Lire HISTORY OF THE 
CLAM. MetTHOopS OF ARTIFICAL PROPAGATION AND CULTIVA— 
TION. 


During the season of 1905 little was attempted in the artificial 
propagation of the soft-shell clam, owing to the remarkable abundance 
of the natural supply. The number of clams on the shores of the 
Bay has not been so great formany years. Whereas in past years 
the distribution of the clams has been uneven, some localities being 
thickly set while others close by were practically barren, this year 
the entire shores of the Bay are covered with clams. Places which 
were good clam territory in the memory of the oldest inhabitant, but 
which for many years have been barren, have taken part in this 
general revival. Owing to the great abundance of clams every- 
where, the size attained was not very great. The clams were so 
crowded together that they could not attain full size. This fact 
necessitated, in spite of the great abundance of clams on our own 
shores, the shipment of clams from other States to supply the great 
demands of our shore resorts. 

These abundant native clams are mostly from the set of 1904, 
which, as described in the report for that year, were so abundant 
that in one locality 4,264 were found in an area of one square foot. 
This year the search for new set was thoroughly conducted, but, as 
will be seen in the table at the end of this section, with practically 
no result. Clam set was unusually scarce this year. 

Owing to the great abundance of clams it was a common sight to 
see a number of diggers come week after week to the same piece of 
shore and carry away anywhere from two bushels to a barrel each. 
The result of this continual digging over of the shores in one spot 
was forced upon our attention continually, and brings up the question 
of the effect of digging on the size and number of clams. 

It is the common opinion of the clammers that digging over the 


clams stimulates growth. The idea which they seem to have is that 
14 
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the loosening of the earth about the clams is as good for them as it 
is for a hill of corn or potatoes. The fallacy in this argument is in 
the supposition that the clam draws its nourishment from the soil 
in which it grows, as is the case with the corn or potatoes. As a 
matter of fact the food of the clams is the microscopic life in the 
water, and can be secured only when the clam bed is covered with 


water. 


In reality the effect of digging over the clams is many-sided. To 
illustrate, by two examples: On Cornelius Island, in Wickford 
Harbor, the clams set extremely thick in 1904. A portion of the 
shore was set aside by the Commission for purposes of experiment, 
and was not dug over at all. Alongside this protected area the shore 
has been visited almost daily by the clammers. In the protected 
area the clams were so thick at the time of setting that there was not 
room for the growth of all of them, and so, as they increased in size, 
many were forced out upon the surface, so that in a short while 
the ground was thick with shells. The ice carried off many of the 
small clams in winter, and the gulls and black ducks destroyed many 
more; but still they were so abundant that there was no opportunity 
for growth, and their size has increased but little, averaging now but 
a little over an inch. 

In the area alongside, where the clammers have been digging 
almost daily, the clams are two or three inches in length, and many 
barrels have been taken out of this rather limited area. The soil is 
similar in the two localities, the currents of water striking the two 
about equal in strength; the only difference has been that in one the 
soil has been dug over continually, in the other not at all. In this 
case certainly the advantage is with the well-dug-over area. And 
yet, on the other hand, the new set of the present year is found 
among the thickly populated area of the protected portion, and 
hardly at all in the portion disturbed by digging. In the latter 
locality the young clams were unable to set because the upper layers 
were made so loose and shifting by the continual digging, or if they 
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did set, they were immediately covered over so deeply by the diggers 
that they were destroyed. 

Another case in point was observed at Greene’s Island. On the 
east shore of this island is a long flat which in 1901 was set so thickly 
with clams that 7,910 were counted in a single shovelful. In 1902 
and 1903 the clams from this set were abundant, and the shore was 
dug over continually by clammers. In 1904 the clam set was good 
on this area, though less abundant. In 1905, however, there were a 
few large clams, but not a single clam from the set of 1904, which 
was so abundant, as noted above, on every other shore in the Bay. 
The cause of this is not difficult to see. The constant digging had not 
only buried the young clams so deeply that they were destroyed, but 
had left the upper layers of soil loose and shifting, and no clams can 
set under these conditions. In this case, then, the constant digging 
has practically exterminated the clams. 


So we must be careful about concluding as to the results of digging 
over a clam bed. It will be recalled that almost every shore has a 
good set occasionally, and then for a few years there seems to be no 
new set. When the clams become quite scarce again, and digging 
ceases for a while, the set appears again. 


Summing up, then, the apparent conditions caused by digging over 
the clams, we find that continual digging may be beneficial to a 
clam bed by thinning out a too thickly set area and thus promoting 
more rapid growth in those that are left; but that, on the contrary, 
continual digging is prejudicial to a new set of clams. A sort of 
rotation of areas, then, would seem to provide the ideal condition, 
allowing certain undisturbed shores to start a good set, while others 
are being dug over; and then, by changing the areas, provide for a 
new set on the exhausted territory. That the conditions maintained 
above seem to hold throughout the Bay is shown by the facts brought 
out in the table below: 
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CONDITION OF CLAM GROUNDS VISITED IN AUGUST AND SEPTEMBER, 1905. 


LOCALITY. 


Academy Cove, Wickford.......... 
Bullock/s:;Pointes 4.252 cece skoda eee 


Conanicut, west shore............. 
ColdiSpring Beach:...2.6 2.2520. 
Cormeliusis. (SSW. Et-))..- oscar 
Cornelius Is. (elsewhere)........... 
MI CGVON. ete hey ee 
MISHING\ COVEs. cc celelh cree ae caren 
Greene’s Is. (east shore)........... 
Kickemuit (west bend)............ 
Kickemuit (elsewhere)............ 
Little Tree Pt. to Scragg Rock..... 
Mill Cove, south shore, Wickford... 
Mill Cove, west shore, Wickford... . 
Mill Cove, north shore, Wickford... 
RoplarsE omic ince ctecsece 6.s/s hotels 


Prudence Is. (east shore).......... 


Prudence Is. (west shore)..........) 


Patience Is. (east shore)........... 
Pa weuxet. 0. csi tobe oe slnerssiece 
Quonset Pt. to Greenwich Bay..... 
umstick Pé. Gwest)io-osse.sieaciee 
Sakonnet River (upper east shore). . 
PAULA ONG sie es yshelesels ous ciegeierees pee 
Sheep ben Cove: ses nen ore cee 
Waist Creelereic, <1 tes)-i oyster Ce erete 


SET IN 


THE ABUNDANCE OF CLAM 


THE S1IzE AND ADUNDANCE 
OF THE SET or 1904, as 


OBSERVED IN 1905. 


1904. 


Extremely thick. . 


Occasionally good. 


Very good....... 


1905. 


Scattering.. 


\‘Scattering.. 


WeWirsccince 


Size. 


Smalls... 


Undersized . 


‘Undersized . 
Undersized . 
Undersized . 


Abundance. 


Good. 
Good. 
Extremely 
thick. 
Good. 
Good. 
Good. 
None. 
Very good. 
Fair. 
Occasionally 
good. 
Good. 
Fair. 
Good. 
Good. 


Your Commission is continually called upon to give information 


and instruction as to the methods worked out by them of successfully 


a 
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propagating clams on a commercial scale. Although, owing to the 
peculiar conditions regarding shore rights, it is impossible for in- 
dividuals in this State to secure land for this purpose, yet in other 
States this is possible, and several such attempts are at present in 
progress. These will be reported on more fully at some later time. 
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Vil. THe Errorts To PREVENT THE ILLEGAL TAKING OF SHORT 
LOBSTERS. 


Two deputies are still employed by your Commission to enforce 
the lobster laws. Even though it is impossible to detect and punish 
every offender, yet the results obtained entirely justify the efforts 
in this direction. Undoubtedly the influence of this line of endeavor 
has resulted in saving great numbers of short lobsters and egg lobsters. 
Out of the large number of lobsters received from Nova Scotia during 
the year, 5,170 short lobsters were seized and liberated in Rhode 
Island waters. 


The following table indicates the prosecutions and fines made un- 
der the Lobster Law in 1904 and 1905. 


Date. Name. Location. |Shorts. Eggs.| Unmarked cars. Case. Amount. 
Total. 
WOO re: esas svensoter seers ieretaille elew cle cvernoene .. 66 Ores ahevers teselevereberete Settled..... $175 
1905. 
May 23.../G. Franks...... Nar Eeaeety OU eecs te Unmarked cars. .|Settled.... $65 
May 23...|R. G. Burdick.. Nac rAcaneett | bods asl Bosse Unmarked cars. .|Settled.... 20 
algae oe ee Ci eee LOM Srahiww aiid Ree es See Not settled. 375 
JUV A G:2)) Ue baLrisssee ser |Jamestown ae ee Pees REA a sl Oto mea icy & \Settled.... 90 
Total. 
MOOD cera yak ot reecc eet ed herons va oe eee OQAE ec cie. ils avs sleet oars eters |e tomer ects $550* 


*One case involving 75 short lobsters and a fine of $375 is not yet settled. 
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VIII. Tur PROPAGATION OF LOBSTER FRY FOR THE PURPOSE OF 
INCREASING THE SUPPLY OF LOBSTERS IN THE WATERS OF 
THE Strate. METHODS OF ARTIFICIAL PROPAGATION AND 
CULTIVATION. 


LOBSTER CULTURE IN 1905. 


BY EARNEST W. BARNES, 


ASSISTANT SUPERINTENDENT OF THE WICKFORD EXPERIMENT STATION. 


The first mature lobster eggs were scraped into a hatching bag 
about noon on the 21st of May, and by 1 P. M. of the same day nearly 
all had hatched. These eggs were obtained from one egg lobster, 
and no more lobsters with mature eggs were found till the 24th. The 
hatching then proceeded quite rapidly. The last lot of eggs was 
hatched on the 21st of July. By August Ist all the fry had reached 
the fourth stage, except a few weak undersized ones. Consequently, 
after a continuous run of 71 days, the engine was shut down and the 
season closed. The work usually closes by the middle or last of 
July, and it is quite remarkable that the season should last till the 
first of August. 

The weather conditions throughout the season were very good. 
The absence of any bad storms and the many bright warm days made 
the season one of the best the station has had. 

Among the improvements which were installed this year are the 
following: 


WINDOW IMPROVEMENTS. 
Instead of covering the windows with scrim, a copper wire netting 
of twenty meshes to the inch was used. To prevent its becoming 


broken by the frequent bending which is apt to occur in the handling 
of the bag, it was mounted in a wooden frame, and this was fastened 
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to the edge of the canvas about the window. The screening was a 
decided improvement over the scrim windows used in 1904, as it 
allowed better circulation and was not so overgrown with diatoms. 
It is probable that the fry obtained much of their fuzzy growths from 
the overgrown scrim windows. 


ADJUSTMENT OF THE REARING BAGS. 


Improvements were further made in the handling of the canvas 
bags. The vertical gas pipes which kept the bags down in the water 
in previous years were discarded, and a haul-down post of 4.x 4 hard 
pine was bolted into the corners of each pool. A hole was gouged out 
in the lower end and a rope run through and spliced so as to leave a 
free end. This end was fastened to the corner of the outer square 
bottom-frame, which was of gas pipe as before. The top of the bag 
was held up by ropes passed through the corners and the middle of 
the sides. The bottom was pulled down by the haul-down ropes. 
This method proved very satisfactory. 

A’small float for washing the bags was made, which was very 
convenient and useful. (Plates XIX, XX, XXI.) 


PLUGGING THE LOBSTERS. 


Various methods were tried for preventing the egg lobsters, when 
placed in cars, from fighting. Plugging, as commonly employed by 
the fishermen, was found to be the best method, and the injury 
caused the lobster was of no importance. The plugs were removed 
when the lobsters were liberated. 


BREAKWATER. 

The idea of using deep lobster cars for a breakwater to the hatching 
bags was tried and proved very successful. Most all waves and 
swells were effectually broken by them. 

HATCHING CRATES. 


Very few eggs were scraped from the lobsters this year. The 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. 113 


hatching of the eggs while still on the mother can not be improved 
upon by artificial means; therefore it was found more satisfactory to 
confine the lobsters whose eggs were ready to hatchin flat crates, 
three feet square and four inches deep, made of lathes about one inch 
apart (Plate XXII). These were then placed in the rearing bags 
and removed as soon as a sufficient number of fry was obtained in 
the bag. The injury caused to the fry from being thrown by the 
current against the crates was prevented by allowing the crates to 
float with the current. They were, however, loosely fastened around 
the paddle shaft so as to prevent them from knocking against the 
sides of the bags. The hatching crates were used for two different 
purposes. First to prevent the loss from eggs collecting in a mass 
at the bottom and spoiling; second, to keep the age of the fry in a 
bag within a certain limit, depending on the length of time the crates 
are kept in the bag. 


REGULATION OF THE CURRENT. 


The use of the copper screening for the windows necessitated a 
different adjustment of the angle of the paddle in order to produce 
a proper current. A current just sufficient to keep the food and the 
lobsters suspended in the water was found to be best. It was 
further observed that the proper adjustment of the paddle, and 
consequently the current, kept the fry reasonably free from growths 
of diatoms, fungi, ete., prevented the windows from becoming 
clogged with food particles and lobster casts, and improved the 
condition of the bag in general. 


SHADING THE BAGS. 


Shading the rearing bags was also tried, but as yet no positive 
results have been reached. The records show a slight lengthening 
of the third stage in the lots shaded. This may not be caused, 
however, by the shading. 

15 
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SUMMARY OF RESULTS. 


To briefly summarize the results,it may be said that as many 
fourth stage lobsters were reared during the summer of 1905 as in 
all the previous years combined. Over 103,000 lobsterlings were 
counted out of the rearing bags. The estimation which is usually 
made, that one fourth stage lobster is equivalent to 1,000 in the first 
stage, would make the results of the season’s work equal to turning 
over of 103 million newly hatched fry. 

The percentage from individually counted lots carried through 
from the first to the fourth stage surpassed that of all other years for 
similar numbers. In 1901, 50 per cent. was obtained from a counted 
lot of 1,000 fry, all of which were at least two days old. This season 
48.2 per cent. was obtained from 20,000 which were counted out just 
after they had hatched. A number of lots gave a percentage of over 
40. These results were obtained in spite of the fact that a great deal 
of attention was turned from the regular work of rearing to various 


lines of experiment. 


LIBERATION OF TAGGED LOBSTERS. 


The total number of tagged lobsters (Plate XXV) liberated in 
1905 was 385. Sixty-two of these were caught and the tags returned. 
Page 115 contains a table giving the data in regard to them. Itisa 
rather significant fact that 13 of these were caught in the first seven 
days of freedom. One was caught within 24 hours, after having 
travelled a distance of four miles. Another lobster, liberated at 
the same time, travelled 11 miles in five days. It is further to be 
noted, because of its bearing on the question as to how soon the 
lobsters molt after their eggs hatch, that one tagged lobster was 
captured after having been free for 59 days. The egg lobsters 
retained in the cars at the Station do not, as a rule, begin to molt 
earlier than the last of August. 


-_ a 
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ReEcorps oF TAGGED LOBSTERS. 
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| Tag Number. 


2021 
2023 
2026 
2029 
2048 
2052 
2071 
2076 
2078 
2079 
2008 
2020 
2039 
2041 
2048 
2058 
2002 
2012 


2022 |. 


2176 
2183 
2090 
2098 
2152 
2096 
3068 
3093 
3082 
3046 
3043 
3064 


LIBERATED. 


Locality. 


Mill Cove, Wickford.......... 


ae 
RECAPTEURED. iS a 
Al 2 
| ee 
Date. Locality. Date. = 5 
aNd 
June 13/Dutch Island Harbor... |July 1/18) 6 
‘“* 13}Wickford Light........ June 20} 7] 1 
‘**  13|Cold Spring Rock...... “ 16} 3} 14 
** 13/Wickford Light....... 20 bedi |e 
‘* 13/Little Tree Point....... eee O12 
same S| Ox sland. ia. <8 2s 7] RS) 
‘* 13|Narragansett Pier......|July 12/29/12 
‘** 13|Two Brothers Rock....|June 24/11] 1 
SS DIACkOCK. «. 5)... « July 25/12/24 
oa} ee a eae ae ete “ 21!] 8} 24 
fea Hox Islands. i. ccc. os June 20} 6} 3 
“ 14| Wickford Light........ ee Pala) 041M! 
eeevl4| Boxe Islands. -.2--). << “ 19) 5) 3 
‘* 14|Little Tree Point....... “ 22) 8}. 2 
ay LA pe eV aaeeea ae “22| 8| 2 
OO DICT Beas ee So acaitys ae “ 22) 8) 2 
+ 22 Wickford Wipe atin ae ee ore 28] 6] 1 
aeeoolboplar bombs... 5. July 1) 9) 1 
‘« 22|Little Tree Point....... June 28] 6} 2 
oo ox Islands. «4. < <4. Aug. 3/42! 3 
se 22iWihale Rock:. 40... . July 2)10)104 
** 22|Below Dutch Island... .|Aug. 20/59] 7 
‘* 22|Narragansett Pier...... July 12/20)12 
wae Eoplar -Point..mieer =e. oe 210) 
““ 22|Below Dutch Island.....|Aug. 20|59| 7 
July 13|Bristol Ferry........../Aug. 12/30} 4 
> al} 7 BAO Taeitas ha): ** 12/30} 4 
“YM bee" avout serene a TSN SUE: 
““ 13/S. W. Prudence Island. .|July 20) 7| 8 
als} rs * ra a 2OleaS 
pets | Sristol Hercycss. 4.4.52 Aug. 3/20) 4 


General Direction. 


. of E. 


Sos Fe Ec se ees eel ee sl ele aa 


a3 
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Rercorps oF TacGEep Lopsters.—Concluded. 


6 
o . 
|e 
LIBERATED. RECAPTURED. m || = § 
. Al = = 
8 a|\s 2 
- Bee 
z alge tf: 
ee Locality. Date. Locality. Date. || & @ 
3 Sie 
eh zia| oS 
3225 |North of North Point.........] ‘' 15/Plum Beach........... July 16] 1] 4 |S. W. 
3199 en ae Ly ih Pete ‘* 15|/Below Dutch Island Aug. 20/36| 6 |S. W. 
3152 ‘ Oe Ls ae Pals) vi eg *« 20/36| 6 |S. W. 
3165 ‘ es ral ee “ *« 20/36] 6 |S. W. 
SLOG ie ee 1S V5 Rosevisland’: 0.0 2..2.- July 22) 7| 6 |S. E. 
S222 qe Cs a erm hag ‘““ 15|Narragansett Pier......| ‘‘ 20] 5)11 |S. W. 
3252 |North of North Pt., Conanicut) ‘‘ 15)Gould Island.......... 27/12) 4 |S. E. 
3239 ele Dc aR: ee a Es Iss re ig tas Ad) Rohest Aug. 2/18] 4 |S. E. 
3097 | ‘ any - ss ‘* 15|Rose Island....... SP STO Gy | sae 
3111 wo : os : ** 15\Greene’s Ledge, Hope 
; ; Islands yess see rele Akai linden ING: 
3166 ; * ‘“ 15)\Greene’s Ledge, Hope 
‘ Island 9s ee oe eligi aN 
Sole |: : 4 c ©) 26 l|Resedslandesss so onooe OS UNS ish 13h 
BPS He Se “ : ‘* 26|Boat House Point..... . “ _ 5}10] 4 |S. E. 
3301 |Wickford Harbor............ ‘* 26|Dutch Island.......... “ 7|12) 54/S. E. 
3253 of BE EN Snag bi eee! ‘‘ 96|Plum Beach........... 9/14] 44/5. E. 
3275 NS RA ts es ge Pe SEO ee FD Sortie nigh ‘« 21/26] 44|S. E. 
3221 ss BEY URE sean tee i SAG oe De eet eieeatteitars vets “ 12/17) 44/S. E. 
3272 Sean SEE eR te ‘* 26\Wickford Light........ “ 17|22|} 3/S. E. 
Number berated sac eicctaks Bee Ae cee teceere hs en ites here 385 
Number tags returned with date of capture...................2.--05- 49 
Number tags returned without datenc aioe dees ce nee: rere 13 
Number caught: first’ day atter liberationn.....--+5..-)-\: eer secs sence 1 
Number caught first week after liberation........................+..-.- 13 
Greatest number ‘of daystireesy«cccattecxe eke eueel se clckals ores rte cnet ce eyo eueret 59 


Fastest travel, No. 3225 


SHORT LOBSTERS. 


There was a greater number of small lobsters caught last season 


than there has been before for a great many years. 


It is quite sig- 


nificant that this reported increase in number comes almost entirely 
from that part of the Bay where the Commission has liberated its 
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fourth stage lobsters. Because of its nearness, the region about 
Conanicut Island has received the greater part of the output in the 
past years. Walter H. Munroe, who sets lobster pots along the west 
shore of Conanicut, reports that during the past year he very seldom 
pulled in his pots but that four or five small lobsters would slip out 
between the slats. At Dutch Island Harbor, somewhat near the 
central part of the island, the lobsters under nine inches are so 
numerous that the lobster deputies have had considerable difficulty 
in preventing their sale. It is the common opinion that, in spite 
of their vigilance, barrels of “shorts’’ have found their way into the 
market from this place. The two deputies are very much handi- 
capped in their efforts by having such an extensive shore to cover, 
especially considering that their only means of getting to the pots is 
in what boats they can get on the nearest shore. The great number 
of small-sized lobsters looks very promising for the future supply 
of lobsters in Narragansett Bay, and extremely encouraging for the 
scheme of rearing used at Wickford. 


RECORDS. 


A careful record of each lot of lobsters, with conditions under 
which they were reared, was made and filed in a card catalogue. 
From this catalogue the following tables are taken: 
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LENGTH OF LARVAL STAGES IN 1905.* 


| 


Bs Ta roRAT ORR. NuMBER oF Daysin Dir- nS 
ca FERENT STAGES. 2 3 ae 
#8 Begun. Ended. Nl z A ; Be oe 
Le Extremes. | Average. Sie ite Rede & 3 2S 
1 May (21 seers. aune te: . 53-56 57.4 12 6 3 21 
2 |May 24..... June 13.....| 54-56 57.6 9 6 3 19 
3 |May 24..... June 19..... 52-70 60. 9 6 4 19 
Sy |May 26-0 on June 23...-. 52-70 .5 61.3 a if 4 18 
8 |Jumne 5..... June 19.....| 54-77 63.3 7 4 4 15 
9 |June 5..... June 27..... 54-77 64.8 7 5 5 Pz 
TOR Sune. 7... . June -26..... 54-77 65. f 5 4 16 
11 | June’ OF... June 26..... 54-77 65.9 6 A 4d 14 
12 |June 10..... July.) Tass. 3 60-77 66.8 6 4 4 14 
-13.jJune 12..... June 29..... 60-77 67. 5 4 4 13. 
14 |June 16..... Duby lines ee O2—018, 68. 5 3 5 13. 
Lenisune. 19 es... DULY ye Diss cre 61-77 68. 4 3 5 12 
16 |June 21..... Hibliten Shon Ao 61-77 69. 5 3 5 13. 
Wa June 20.5... Aieihie TNR ge 61-79 70. 4 4 6 14 
18 |June 25....:|July 6..... 61-77 69. 5 2 4 11 
19 |June 28..... aaly, 10%. - 61-79 70.7 5 2 4 11 
20 |June 29..... suly 12. 13% 64-79 (hike 5 3 5 13 
21 |June 29..... Duly. US a 64-79 71.2 5 2 4 iL 
D2a ine 29s. sac) Uly wel. - co). 64-79 71.4 5 2 4 atk 
Zoey! SOLE ee July 19..... 66-82 74.4 5 2 5 12 
26 July) fies... ey Oe 69-82 75. | 4 2 4 10 
Bal WARN ah eicaear ulye24 ven 69-82 74.4 4 3 4 it 
28y uly Al... DULY: 24 69-82 75.1 4 2 4 10 


The aveage number of days in the first stage was 5 and ranged from 4 to 12. 

The average number of days in the second stage was 3 and ranged from 2 to 6. 

The average number of days in the third stage was 4 and ranged from 4 to 6. 

The average number of days to reach fourth stage was 13.8 and ranged from 10 to 21. 

*JI¢ must be borne in mind that the different lots were subjected to different conditions 
which may have had an equal or greater influence than the temperature in regulating the 
number of days in the various stages. 
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LOBSTERS, 1905. 


Date. Locality. Number. 
June: 13)... |Hast, Poplar} Pointra-ee emer 400 
June 26. .|Little Tree“Point.......:........ 3,000 
June 27. .|Hast boplar Pomte enone 9,000 
June’ 28. .\|\Wicktord!@ovews.aad 1c ee 200 
July 6....|Point Judith Pond, Billings’ Cove. 15,000 
July, Tee Ryerss Neck, below Rocky Point} 10,000 
July. L3e. .|Portsmoutheens eee ere 10,000 
winlya teen |Kickemuit Rivers Socens Pepe 15,000 
July. U7 5.2 lGonaniete Taland’ ss. cor see 12,000 
duly; 21... ‘Dutch Island Hiarborsaseces eee. 20,000 
July 29... Conanicut Island? 2.04: cf Ae | 6,000 

| 
Total liberated, ise cases | 100,600 
Used for experimental purposes, ete......... | 2,972 
Total counted Out--—-ee eee | 103 ,572* 


Character of Shore. 


Rocky. 

Very rocky, abundance of rockweed. 
Rocky. 

Muddy bottom. 

\Stony, light seaweed. 

|Rocky. 

Rocky, rockweed. 

/Rocky, rockweed. 

Rocky ledge, rockweed below. 
Muddy bottom. 

'Muddy bottom. 


*This number is that of the fourth stage lobsters actually counted. 


there were many first, second and third stage lobsters 


In addition to these 
preserved for study, and some fourth 


dobsters were liberated in the cove by accident to the bags. 


Total Number of Fourth Stage Lobsters Reared Each Year Since 1900. 


COREE Poe tle LON oO. CO ceo ecco oer 


re: ote) [oie le viat! outer keh iaiisi aon iellmwaiialln “nlits| Tay ele) 6 


©: “eyayyfe) ©) Je) a) aly my ot ole) Laie mM eMieMieiMelra ie fietabla!'s) ‘e|fe 


=) 12) @) ole, eb ievareawelrem oiiwitetleltel sflerialinl w/e) 6, 6 ie, \6 


3,425 
8,974 
27,300 
13,500 
50,597 
103,572 


METHODS OF PROTECTING AND PROPAGATING THE 
LOBSTER, WITH A BRIEF OUTLINE OF ITS 


NATURAL HISTORY. ° 


PLATES XIIT ro XXIX anp XXXVI. 


BY EARNEST W. BARNES. 


ASSISTANT SUPERINTENDENT OF THE WICKFORD EXPERIMENT STATION. 
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INTRODUCTION. 


The success in lobster culture attained by the Commission of 
Inland Fisheries, at their Experiment Station at Wickford, is one of 
those few remarkable successes in artificial marine culture which 
have been reached through a long course of slow and, at times, 
disheartening experiments. The ordinary method employed in the 
artificial propagation of fishes, the mere hatching the eggs, has been 
of little avail in the case of the lobster. Its failure may be stated, 
briefly, as due to two causes: The first and most important of these 
is the slow growth of the lobster, the length of time required to reach 
maturity and propagate itself naturally; the second is the prolonged 
period of larval helplessness. 


If we leave out of consideration the helpless larval period we find 
that the lobster in its natural state is not materially handicapped 
in its struggle for maintenance, except in the particular fact of its 
slow growth. With reference to the natural advantages it might be 
stated that its life on the sea bottom, together with the instinct of 
hiding in burrows in the mud or under rocks, affords much better 
protection than fishes seem to possess. Besides, there is perhaps no 
external part, unless it is the eye, which can be lost or injured without 
the lobster being able to replace it. The loss of a fin or the upturning 
of a few scales will often be sufficient cause for the death of a fish. 
The lobster also has the advantage of having its eggs more surely 
fertilized and afterwards cared for by the parent until hatched. The 
eggs of most fishes are thrown into the water, and depend on chance 
fertilization and favorable circumstances for their fostering. But 
against the human foe the lobster is powerless, and there has been 
a rapid decrease in their abundance since there was a demand for 


them in the market. 

Because the lobster possesses, in a high degree, natural advantages 
for protecting itself, except in its larval helplessness, it seemed 
necessary to adopt some measure of rearing them through this latter 


Puiate XIII.—An adult female lobster in “berry,” so called, or bearing the egg-clusters under the 
tail. (Photograph from life.) 
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period. For more than a decade experiments were pushed with 
vigor by the various States, the United States Government, and also 
by European governments. The many difficulties, however, pre- 
vented success till 1900, when the honor of having offered the first 
and, up to the present time, the only solution of the problem was 
won by the Rhode Island Commission at Wickford. It has taken, 
nevertheless, since the discovery of the principle, five years of slow 
and tedious experiments to develop the scheme to the point where 
it is practical and economical. 


Fifty per cent. in round numbers (48.2 per cent. actually) have been 
reared from the first to the fourth stage in lots of 20,000. It is in 
this stage that the fry commence to burrow and are, therefore, more 
able to care for themselves. These figures will be appreciated when 
it is recalled that the best result in Europe was 6.6 per cent., starting 
with 1,500 fry in the second stage; and in this country 21 per cent., 
from an estimated 3,000 fry in the first stage at Woods Hole. 

For the benefit of those who are interested in the practical side 
of lobster culture, and who may not have followed the development 
of the plan as given in previous Reports, a brief consideration of the 
lobster culture work is here given, which, while it does not pretend 
to be more than an outline of the subject, yet will go somewhat into 
detail concerning the methods used at Wickford. 


I. Natura History OF THE LOBSTER. 


1. Distribution. 


The American lobster is found along the Atlantic coast from 
Labrador to Delaware. It attains its largest size and is most abun- 
dant in the northern half of this range (Nova Scotia and Maine). 
It is found in all depths up to 100 fathoms. In deeper water than 
this it is very rarely found, though sometimes reported from fishing 
banks farther off shore. 
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2. Natural Home and Migrations. 


The character of the shores where the lobster lives varies from 
rocky and precipitious to sandy or muddy. During the winter the 
lobsters probably retreat to deeper water and burrow in the mud, 
since the fishermen find it necessary to gradually move their traps 
farther off shore with the approaching winter. This migration to 
deep water is not common to all lobsters, as we find some in holes 
along the shores which are exposed by extreme low tides during the 
winter months. 

With the return of spring and early summer the lobstermen move 
their pots nearer shore. This movement of the lobsters to and from 
shore is probably the whole extent of their migrations, and therefore 
the restocking of the shores of a particular locality is possible. 
Efforts are being made to get more exact data on migrations by 
liberating tagged lobsters. Female lobsters, with eggs ready to 
hatch, are most often caught on rocky bottoms; and lobsters ready 
to shed, or those that have just done so, are most abundant on sandy 
or muddy shores. Dutch Island Harbor in Narragansett Bay seems 
to be a great shedding ground. 


3h) Food! 


Although lobsters are called the “scavengers of the sea’”’ and do 
undoubtedly feed on dead fish, yet they seem to prefer recently 
killed food. Rotten fish, while it probably attracts hungry lobsters, 
is found to remain untouched, or is even pushed aside, by lobsters 
in cars which have been reasonably well fed. Lobsters in their 
natural homes undoubtedly have long intervals between meals, and 
eat ravenously when any food is found. This will account for the 
ease with which they are caught in traps. The food of the lobster 
includes nearly all kinds of fish; whatever shellfish it can find, crabs, 
and other invertebrates. Pieces of shell and pebbles are also found 


in their stomachs. The material for the hardening of the shell is 
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probably obtained from the former. The lobster does not hesitate 
to eat another lobster which has been weakened by molting or injury. 
This cannibalism is most marked in the larve, where it is a most 


serious obstacle to rearing. 
4. Length of Life. 


The age of a lobster can only be told with a moderate degree of 
accuracy. Size may be an indication, but frequently among those 
reared in cars some will be found four or five times the length of others 
of the same age. From accounts of early days there seems to be no 
limit to the size which lobsters may attain, but in recent years no 
lobster of over 25 pounds (21 inches in length) has been authentically 
recorded. From the slow growth which we know lobsters have, 
this specimen could not have been under 20 years old, and many 
considerations would point to a greater age.* 


5. Molting and Growth. 


Covered by a hard shell, the only means which the lobster has 
of becoming larger is by casting off its old shell; that is, by molting. 
- Growth has already taken place within, rendering the animal more 
compact, so that when the lobster sheds it immediately expands 
through the absorption of water. (Plate XXXVI.) The new shell, 
at first as soft as wet paper, becomes hardened in a few days and 
prevents further expansion. The lobster in the first year molts 
about 14 or 15 times. Each successive year it molts less often. till 
lobsters between 8 and 9 inches long shed no more than 3 or 4 times 
a year. Concerning the molting periods of larger lobsters scarcely 
anything is known. It is known, however, that regeneration of 
various parts will very often retard the molting period and presum- 


ably the growth. Excessive light (as rearing in cars without covers) 


*For a more complete discussion of the age and rate of growth of lobsters see article, Regard ~ 
ing the Rate of Growth of the American Lobster, by P. B. Hadley, Report of Rhode Island 
Commissioners of Inland Fisheries, made to the General Assembly at its January session, 1906. 
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will lessen the percentage of gain at each molt, if not the frequency 
of the periods. 


6. Regeneration. 


If a claw or any appendage is lost the lobster has the power of 
growing it again (regeneration). Should the loss occur within a 
certain period, too near an approaching molt, the molting occurs 
regularly without anything being done in the way of repair. If, 
however, the loss happens a considerable length of time before the 
molt, this period will be delayed somewhat, and, in place of the lost 
limb, a bud will grow out. When the molt occurs the lost limb will 
come out fully formed, but about one-half size. When the next 
molt occurs it will be full size. This is true, with some variation, of 
all external organs unless it is the eye. This has never been observed 
to regenerate at the Experiment Station.* Closely related to this 
power of regeneration is the habit which the lobster has of throwing 
off a claw when it is crushed or injured (autotomy). 


7. Sexual Maturity. 


Since it is impossible to tell how old a lobster is, we can not tell at 
what age it reaches sexual maturity. Observation on over one 
thousand egg lobsters received at the Experiment Station during 
several years seems to indicate that, in Narragansett Bay, lobsters 
may become sexually mature when from 8} to 9 inches long. In the 
past five years only about a dozen egg lobsters under 9 inches in length 
have been received, though a considerable number have been just 9 
inches. This would indicate that in Narragansett Bay very few 
lobsters under 9 inches have become sexually mature, although 9 
inches is a good average. Herrick places the range in length of the 
Massachusetts lobster at the time of sexual maturity at from 8 to 


*For a more complete account of the matter of regeneration in lobsters see article, Regen- 
eration of Lost Parts in the Lobster, by V. E. Emmel in the Report of Rhode Island Com- 
missioners of Inland Fisheries, made to the General Assembly, 1905. 


A 


lil 


qj 


ees 


— - 
H POT TT eer 
MEE Ay a) i) 


Showing the construction of one of the rearing floats. 
Puate XVI 


al iui 
eo l om cman | Ly 
: a : - Sasa ii "1 eT | i Ae 4 , y 
a hi mn | 
og sat TE ema LL ll y Uf 
2... Fe i 
Ht CMC 


126 


of the 


If 
erow) 
certa: 
regul: 
howe 
molt, 
limb, 
come 
molt 
all ex 
to res 
powe) 
off a 


Sin 
what 
thous 
sever: 
may | 
past f 
have 
inches 
lobste 
inches 
Massa 


*For ; 
eration | 
mission¢ 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. eae 


12 inches, and thinks that 104 inches is the average length at sexual 
maturity. 


8. Spawning Habits. 


The female lobster spawns once in two years. (Plate XIII.) The 
eggs as a rule are laid during July and August, but some few lobsters 
lay them later in the fall or winter. Hatching occurs the following 
summer. at a time determined by the temperature of the water. In 
Narragansett Bay it takes place from the first of May to the middle 
of July. 

The lobster therefore carries its eggs for a period of 10 or 11 months 
before they hatch. The number of eggs carried by a lobster varies 
according to the size of the lobster; thus, according to Herrick, 
assuming that an 8-inch lobster has on the average 5,000 eggs, 
a 10-inch lobster would have 10,000, a 12-inch lobster 20,000, ete. 
A lobster about 16 inches long would thus lay about 80,000 eggs. 
This is, however, a low average. Lobsters 16 inches in length may 
have 100,000 eggs. When the female lobster is bearing eggs, she 
usually frequents some rocky shore where she can better protect 
herself. 


9. Larval Stages. 


During the first two weeks which follow hatching, the lobster 
passes through a larval period, during which it molts 3 times before 
it takes on the general external appearance of the adult. In 
each period it differs in form and habits as well as size. The main 
characteristics are as follows:* 


First Stage. (Plate XXVI.) In this stage the lobster swims 
rather feebly at the surface by the use of the outer branches of the 
thoracic appendages. The last segment of the abdomen bears one 


*For a more complete account of the larval stages see article, Changes in Form and Color in 
Successive Stages of the American Lobster, by P. B. Hadley in the Report of Commissioners 
of Inland Fisheries of Rhode Island, made to the General Assembly, 1905. 
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piece which is cleft like a fish’s tail. The abdominal swimmerets 
are lacking, and the limbs that usually bear the big claws are of the 
same size as the walking limbs. In this, as in the second and third 
stages, the fry are ravenous feeders. The average number of days 
that the fry continue in this state at Wickford is five. 


Second Stage. (Plate XXVIIT) After the first molt the lobster’s 
claws become a little larger than the other limbs, but remain hanging 
down. The abdominal swimmerets appear, although the thoracic 
swimming organs are used almost entirely in swimming. The tail 
lacks those outer segments which cause it to be characterized later 
as the “tail-fan.”” The average number of days in this stage at 
Wickford is three. 


Third Stage. (Plate HH) The lobster after the second molt 
has proportionally still larger claws than the larve of the second 
stage, but they still droop. The abdominal swimmerets become 
fringed with short hairs, and the outer blades of the “tail-fan’’ make 
their appearance. Swimming is still by use of the thoracic ap- 
pendages. The greater size and more vigorous swimming causes 
this stage to be easily distinguished from the preceding stages. Four 
days is the average Su 

Fourth Stage. (Plate X XTX.) The lobster at this stage becomes 
shaped like the adult. The claws are carried in front while swimming. 
The thoracic swimming appendages become reduced and function- 
less, and in general the unmistakable resemblance to the adult 
easily determines this stage from the preceding ones. The swimming 
is now very vigorous, and, when swimming in the rearing bag, it 
always heads toward the current. Burrowing is begun to a certain 
extent in this period. The average number of days required at 
Wickford to reach this stage from the time of hatching is thirteen. 


10. Adolescent Period. 


Later stages develop other structural changes, although more 
gradually. At the seventh stage the appendages on the first ab- 
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dominal segment appear as buds, and by the eighth stage have 
developed sufficiently to enable the sex to be told. Beyond this 
stage the changes consist merely in the gradual assumption of the 
mature form and structure. 


11. Some Peculiar Means of Selj-Preservation. 


Any one who has handled lobsters under 3 inches in length is 
familiar with the fact that the little fellows, when handled, will 
straighten out and to every appearance seem to be dead. The 
rigidity does not cease immediately when replaced in the water. 
This death-feigning habit is gradually outgrown, and perhaps is never 
found among adult lobsters. It is supposed to be useful to the 
animal in protecting itself against fishes which prefer live food. 

Autotomy, the voluntary shedding of an appendage, is another 
habit which is more easily seen to be self-preservative. If a lobster’s 
claw is held too tightly or crushed, it is almost always quickly 
dropped off. As it can again be regenerated the lobster is only 
maimed for a short time, while the loss of the claw may prevent the 
lobster from getting pulled out of its burrow and destroyed. 


12. Sensibility to Light. 


The adult lobster is negatively heliotropic, 7. e., it will endeavor 
to get away from the light. This is not, however, characteristic of 
all stages. In the first three larval stages the fry seem to seek the 
lighted area (positively heliotropic). The fourth stage also has this 
peculiarity till near the end of the stage, when it seems to anticipate 
the later stages and becomes negatively heliotropic.* This negative 
heliotropism is perhaps the explanation of the fact that at this time 
also the lobster leaves the surface and begins to burrow at the bottom. 

It is an interesting fact, also, that the fry when confined in one 


*See article, Observations on Some Influences of Light upon the Larval and Early Adoles- 
cent Stages of Homarus Americanus, by P. B. Hadley, in the Report of the Commissioners of 
Inland Fisheries of the State of Rhode Island made to the General Assembly at its January 
session, 1906. 
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of the rearing bags, though closely crowded together, while carried 
rapidly around by the current, will avoid, and keep some little dis- 
tance away from, any white object, such as a stick or a paddle blade 
thrust in among them. 


13. The Enemies of the Lobster. 


From the moment of hatching until death the lobster is beset with 
enemies. The amount of harm which these can do, however, de- 
creases as the lobster becomes larger. Some of these enemies are 
particularly antagonistic while the lobster is in the larval stage. In 
this period the natural mode of life of the lobster fry renders them 
helpless. Their efforts at swimming are little more than “treading 
water.”” They are powerless against the slightest current of water, 
and are an easy prey to even the smallest fishes. Shrimp and 
tautog, as they frequent the places where the fry are found, are 
particularly dangerous foes. But perhaps they are their own worst 
enemies. <A lobster larve is just as willing to pounce upon a weaker 
neighbor as upon the choicest morsel of food. 

After the larval period is past the lobster’s enemies do not lessen, 
but the lobster can better protect itself by burrowing among the 
rocks. Herrick says that “every predaceous fish which feeds upon 
the bottom may be looked upon in general as an enemy to the lobs- 
ter.’ Among these the cod, the sea eel, and the dogfish are partic- 
ularly effective. So frequently are lobsters found in the stomachs 
of these fishes that fishermen are not loath to state that the lobster 
is their principal diet. The most important foe of the adult lobster, 
however, is man, and his attacks are so successful that the lobster 
can not hold his own against them. 


14. Decrease in Abundance oj Lobsters. 


From consideration of the many enemies it is not wonderful that 
the supply of lobsters all along the coast should become less. All 
of the facts as given above are, to some extent, responsible for this 
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depletion, but excessive fishing is the most important. The problem 
of lobster preservation, therefore, resolves itself into the protection 
of the lobster from its natural enemies at the critical periods of its 
life, and also in regulating and restricting the fishing. 


Il. Metruops EMPLOYED TO PREVENT EXTERMINATION. 


As early as the decerase in the number of lobsters was observed, 
some 70 years ago, various States and the general government began 
to contrive means to prevent the decrease and, if possible, to increase 
the supply of this “king of crustacea.” Naturally the methods 
which had proved satisfactory in the case of fishes were first used 
for the lobster, 7. e., legal restricting of the fishing and artificial 
hatching of the eggs. These two methods will be considered briefly, 
and then will follow a somewhat detailed description of the scheme 
of hatching and rearing so successfully developed by the Rhode 
Island Fish Commission. 


A. LEGAL RESTRICTIONS. 


1. Protection of Egg Lobsters. One of the first laws enacted for 
the protection of the lobster is that which imposes a fine on any one 
retaining or destroying lobsters bearing spawn. The value of this 
law is apparent to any one, especially considering the fact that 
lobsters carry their eggs for eleven months before hatching. Un- 
fortunately this law can be quite easily evaded by scraping off the 
eggs. 

2. Protection of Immature Lobsters. An equally early law of 
easily recognized value is known as the “short lobster law.” <A 
fine is placed upon the retention of lobsters under a certain length. 
The idea in the framing of this law was to enable the lobster to reach 
maturity and spawn at least once before it was lawful to capture it. 
The legal length in various states ranges from 9 to 104 inches. As 
was seen in the paragragh on sexual maturity, the lobster in Narra- 
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gansett Bay in all probability is 9 inches, or slightly over, when it 
becomes sexually mature. In Massachusetts Herrick found the 
average to be 104 inches, and perhaps in the colder water of the State 
of Maine, it may be still greater. It is to be regretted that a uniform 
law has not been established. 


3. Protection of Large Lobsters. Recently there has been con- 
siderable controversy about changing the laws so as to prevent the 
capture of lobsters over a certain length. In this way protection 
would be given the large lobsters instead of the small ones. It is 
argued in favor of this scheme that: 


(1) Lobsters bear eggs in geometrical proportion to their length: 
8-inch lobsters, 5,000; 10-inch, 10,000; 12-inch, 20,000, ete. If 
these old ones are saved more spawn will be hatched, and the greater 
the number of eggs hatched, the greater number of lobsters will 
result. 


(2) The larger the lobster becomes the more immune it is from 
its enemies; and since, barring accidents, there seems to be no limit 
to the size which it may attain, there will always be spawners to keep 
up the supply. 

(3) It will be easy to enforce a law of this kind, since pots may be 
required to have an opening under a certain size. This will prevent 
the big lobsters from entering. 


(4) The older ones are not so tender meated,and thus the least 
possible damage will be done to the fisheries. 

It is argued on the opposing side that, if the young ones were 
caught, where would the old ones come from, and also that protection 
should be given the lobster during the period which is most critical. 


4. A Double Limit. There are certainly good points on both 
sides of the argument presented in the last section, and it would be 
impossible to give judgment in favor of either. Perhaps the wise 
plan, in view of the depleted condition of the lobster fishery, would 
be to adopt both. Laws could be enacted preventing the legal 
capture of those under 9 inches and over 14 inches. As a help to 
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the enforcement of such a law the pots might be required to have 
an entrance small enough to prevent those over 14 inches from 
entering, and the slats wide enough apart to allow those under 9 
inches to escape. 


5. Close Time. The State of Rhode Island has passed laws mak- 
ing the setting of pots and the taking of lobsters between the 15th of 
November and the 15th of April unlawful. Some restriction of this 
sort is certainly needed but there should be codperation between all 
the states interested in the lobster fishery. There might be some 
question also, whether these particular dates are the best. 


6. Prevention of Mutilation. In order to avoid the consequences 
of retaining short lobsters, the fishermen have recourse to breaking 
the lobsters in two. This makes it impossible to tell the length of 
the lobster, especially when the parts of many lobsters were mixed 
together. To prevent this infringement, and also to prevent the use 
of short lobsters for bait, laws have been passed in some states 
imposing a fine for possessing the mutilated remains of uncooked 
lobsters. The canning industry was dealt a severe blow by these 
laws, but in one state (Maine) special legislation was made in regard 
to these factories. 


7. Further Regulations. In some states non-residents are pre- 
vented from engaging in lobster fishing. Further, certain states 
require that all cars, traps,and other contrivances used in catching 
or handling lobsters shall be branded with the owner’s name, and in 
order to give protection to the lobstermen, unauthorized meddling 
with lobster gear is heavily fined. 


8. Tabulation of Lobster Laws. The following table gives the 
main laws of various states regarding the lobster fishery: 
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It would be safe to judge that, even with well enforced and uni- 
form laws in the various states, the abundance of lobsters would 
not be sufficient to keep pace with the increased demands of the 
market. Some means of artificial propagation must be resorted to. 


B. ARTIFICIAL HATCHING AT THE STATIONS OF THE UNITED STATES 
BUREAU OF FISHERIES. 


As artificial hatching had been successful in the case of fishes, it 
was naturally the first method to be tried with lobsters. When the 
lobsters are received at these stations, the eggs are scraped off and 
placed in jars to hatch. The MacDonald jar, well known through 
its use in the hatching of shad, has been, till quite recently, the one 

_made use of, and has been quite successful, only a small percentage 
of eggs failing to hatch. Within the past two years the station at 
Woods Hole has used, with good results, the Downing jar instead 
of the MacDonald. 


It was, however, pointed out long ago that few, perhaps not over 
1 in 1,000, of the fry thus hatched ever reached the fourth stage. 
Furthermore, hatching the eggs artificially possesses no advantage 
over the natural method. It is safe to say that the egg lobster 
hatches practically all the eggs that will hatch. No artificial method 
can do as well. Even though the hatching can be perfected to such 
an extent that the percentage very closely approximates the natural 
method, there will be a great mortality before the fry can be liberated. 
This would not occur in the natural state, because the eggs of a lobster 
do not all hatch at one time, and consequently, in moving about over 
the bottom, the egg lobster would scatter its fry over a wider area. 
Furthermore, when the fry are liberated from the artificial hatchery, 
the cloud which results from pouring out the thousands of larve 
must undoubtedly attact the attention of fishes, while the few 
which would hatch at one time from the natural method might 
-escape notice. 


Perhaps the principal thing which can be said in favor of artificial 
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hatching is that the practice of buying egg lobsters, usually at a 
premium, discourages the fishermen from scraping off the immature 
eggs in order to evade the law. 


C. HATCHING AND REARING AS DEVELOPED BY THE RHODE ISLAND 
COMMISSION. 


1. Introduction. 


In view of the decided disadvantage with which the recently 
hatched larvae commence life, and the very slight advantage, if any, 
which hatching them artificially has over the natural methods, it 
has been clearly recognized for a dozen years or more that some 
further protection must be given the young lobster if artificial 
methods are to make any appreciable difference in the lobster supply. 
Herrick, in whose charge the United States Bureau of Fisheries 
placed the investigation of the entire lobster problem, said, in 1895, 
“The problem of artificial propagation of the lobster will be solved 
when means are devised by which larve, after hatching, can be 
reared in enclosures until the fifth or sixth stage, when they are able 
to take care of themselves.” 

This idea of rearing the larve until they are able to care for them- 
selves has been before the Rhode Island Commission since 1898. 
But instead of rearing them to the fifth and sixth stages it has been 
the policy to rear them only to the fourth stage, when, as has been 
seen, the lobsters assume the general form of the adult and to some 
extent its habits. It is true that the lobster does not entirely give 
up its swimming habits till it reaches the fifth stage, and occasionally 
not until the sixth stage is reached. But since, as will be shown 
later, the fourth stage lobster does burrow and, if liberated with care, 
at favorable localities, will hide among the stones and eel-grass, it 
has been thought impractical to retain them until a later stage. 

The successful method of rearing the lobsters through the free- 
swimming stage was the result of many painstaking experiments. 
Since the idea was hit upon in 1900 it has taken five years of con- 
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tinued experiments in order to bring the work up to its present 
condition. It can now be truly said that the scheme, as now operated , 
is entirely practical and successful. The chief obstacles which had 
to be overcome in reaching success were the serious cannibalism of 
the larve, the necessity of crowding them together in order to rear 
large numbers, the difficulty of supplying them with sufficient food, 
and the parasitic growths of diatoms and protozoa which infest the 
early stages. 

The main feature of the scheme used in rearing consists in keeping 
the fry in constant circulation. This is accomplished by confining 
the fry in canvas bags which are suspended in the water and provided 
with windows of fine mesh copper wire netting. Two bladed paddles, 
not unlike restaurant fans, are kept revolving slowly in the bags at 
a rate of 10 revolutions per minute. Through their motion the 
water is kept fresh and the fry are prevented from settling to the 
bottom. The current of water is made just strong enough to keep 
them separated, thus preventing them from feeding upon one another, 
and yet of sufficient strength to keep their food in circulation near 
them. 

A 24 horse power gasoline engine supplies the power for operating 
the paddles. This power is transmitted from the houseboat (Plates 
XIV and XV), in which the engine is located, to the floats Shehorad 
by the side of the houseboat, by means of shafting and mitred gears. 
A specially constructed device is used for transmitting the power 
to the constantly moving floats, and consists in a pair of toggle- 
joints connected by a sleeve in which two pieces of square shafting 
slide. The two floats are fastened to the houseboat, one on each 
side, and are composed of a framework of 6x 6 spruce, floated by 
barrels. Each one is capable of containing five rearing bags. These 
bags-are made of canvas, eleven feet square and four feet deep, with 
three windows of copper netting, one in the bottom and one on each 
of two sides of the bags. More detailed account of the various 
constructions and operations will be given in the following para- 
graphs. 

18 


138 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


2. Structure of the Floats. 


Reference to Plates XVI and XVII will give an idea of the manner 
in which a float is constructed. In brief, it is a skeleton raft with 
two alleyways running the length of the float, one on either side, for 
the supporting barrels. Occupying the center is a row of open pools, 
12 feet 6 inches square, in which the rearing bags are placed. Run- 
ning the length of the float, and crossing the center of each pool, is a 
beam which furnishes support for the shafting and gears. At each 
corner of the pool and projecting into the water is a 4x 4 post, 5 
feet long, extending 4 feet below the surface of the water. Each of 
these has a hole gouged out in the lower end, through which a rope is 
passed and spliced, so that one end hangs free. The bottom frame 
of the lobster bag is fastened to these free ends, and thus the bag 
may be lowered and raised by the ropes. Two of these floats are 
employed, one on each side of the houseboat. 


3. Engine and Gearing. 


The engine used for transmitting power to the paddles of the 
rearing bags is located on the houseboat. By means of shafts and 
gears the power is transmitted from the houseboat to the five paddles 
on each of the two floats and to the three paddles in the well of the 
houseboat. The gasoline engine is a Fairbanks-Morse of the vertical 
type, two and one-half horse power. That this engine is fully 
capable of doing the work required of it, or even more, is shown by 
the fact that, though it has been in use for three years, yet, during 
the past season, it ran day and night for seventy days without a 
breakdown. It is further to be remembered that the constant 
bending of the floats by the motion of the water makes necessary 
the transmission of more power than is necessary for the mere turning 
of the paddles. In addition to this, the gears are protected in no 
way from the weather. Under all these conditions, however, there 
was ample power in the engine to provide for all emergencies. 
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The ‘speed of the engine, 320 revolutions per minute, is reduced, 
by means of belt pulleys situated within the engine-house, to forty 
revolutions. This speed is transmitted by means of a belt to a main 
transverse shaft of 14-inch steel running across the houseboat just 
outside the engine-house. From this main shaft three transmissions 
are made. 


The first of these is by means of mitred gears to a 1-inch shaft 
running lengthwise of the well in the center of the houseboat. By 
means of the gears the speed in this is reduced to twenty revolutions 
per minute. The other two transmissions are made to 1-inch shaft- 
ing running transversely on the two floats. The constant change 
in level between the houseboat and the floats, caused by the motion 
of the water, made necessary the adoption of universal joints (Plate 
XVII), invented especially for this purpose, to connect the shaft on 
the houseboat with the shafts on the floats. These universal joints 
consist of a pair of toggle-joints united by means of a sleeve in 
which two pieces of square shafting slide. The toggle-joints make 
possible the transmission of power at any angle, and the square 
shafting, sliding in the sleeve, allows for the lengthening or shortening 
of the distance between the houseboat and the floats. From the 
two transverse shafts on the two floats, which of course have the 
same speed as the main transverse shaft on the houseboat, connection 
is made, by sets of mitred gears, to longitudinal shafts running the 
length of the centers of the floats. The speed of these shafts is also 
reduced by the gears to twenty revolutions per minute. These 
longitudinal shafts are of one-inch steel and are 53 feet long. It 
might further be said that the shafting used in this longitudinal 
drive of 53 feet is purposely of l-inch stock because, with the 
constant bending of the long float, a heavier shaft, because of its 
rigidity, would pull out the hangers. The one-inch shafting readily 
bends with the floats, and the slow speed of twenty revolutions is 
not materially interfered with. The shafting is supported through- 
out by ordinary babbitted shaft-hangers. 


From these two longitudinal shafts, and from the shaft running 
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along the well of the houseboat, connection is made, by mtans of 
mitred gears, to the vertical paddle shafts. (Plate XVIII.) In 
these the speed is reduced by the gears to ten revolutions. Each 
paddle can be thrown out of gear independently by means of a lever. 
This enables each bag to be manipulated separately without shutting 
off the entire machinery. 


4. Construction and Care of the Rearing Bags. 


The canvas rearing bags (Plates XVIII and XXI) are 10 feet, 2 
inches square, 4 feet deep, and made of 10-ounce duck. In the 
bottom and on two sides are windows. The frames of these are 
made of furring on the outside and a strip of lattice on the inside, 
the two being fastened together with brass screws, thus binding the 
edges of the canvas to the copper wire netting, 20 mesh to the inch, 
which forms the windows. A hem is made around the top of the 
bags,in which aropeisrun. This hem is open at each corner, so that 
at those points loops of the rope can be put over line cleats, on the 
top of the haul-down posts, to support the corners of the bag. The 
sides are held up by ropes passed through grummet holes in the 
centers of the sides. A free edge is left around the outside bottom 
of the bag, with grummet holes at frequent intervals. Through 
these holes marlin or some light rope is passed and the bottom 
stretched quite taut over a square framework of one-half inch gal- 
vanized gas pipe which, for this purpose, is made a little larger than 
the bag. But however tight the canvas is drawn the upward current 
of water will pull up the center of the bag and endanger its being 
struck by the paddle. This is best remedied by placing two strips 
of furring, long enough to project over the sides of the framework, 
on the bottom of the bag underneath the framework. Then thin 
lattice strips, just the length of the inside bottom, are placed within 
the bag opposite the pieces of furring, and screwed down to the 
furring strips. Care of course should be exercised to round the edges 
of both lattice and furring strips so as to prevent them from cutting 


holes in the canvas when it is drawn up by the current. 
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As soon as the fry ina bag have reached the fourth stage and have 
been removed, or sooner if its condition requires, the bag is taken up 
and thoroughly cleaned. As we have seen, the bags in a short time 
become more or less foul. Most of the fouling occurs at the bottom, 
where the silt collects. This is the least dangerous to the lobster, as 
the current keeps them from the bottom, but of course the fouling 
tends to rot the canvas, and if the bags are left in the water with the 
filth from hatching still in them, the bottoms will soon rot out. If 
the sides of the bag become dirty, however, it is of the most serious 
consequence to the fry, as will be described later. As yet it is im- 
possible to prevent this entirely. Soaking the canvas in a solution 
of Stockholm tar in gasoline preserves it and, in a measure, prevents 
the fouling. This is an excellent preparation for the bottoms, 
although it darkens the bag and interferes with observation. As 
regards the sides, it is another matter. Here the whiteness is of a 
decided advantage to the fry, for if white they tend to avoid it and 
consequently the current is not so likely to throw them against the 
sides and so infect them with the same growths that have fouled the 
bag. 

Washing and drying the bags is the best expedient yet found for 
preserving them and keeping them in good condition. As soon as 
the bag commences to be foul, so that the lobsters become endangered, 
the fry should be removed and the bag taken up and washed. Usu- 
ally, however, the bag will rear one set of larvee before becoming 
foul. 

Plates XIX, XX, and X XI show the process of washing and drying. 
A small float with a pool 12 feet square is used for the purpose. 
When the lobsters have been dipped out of the bag which is to be 
washed, this float is brought up alongside the rearing float; the dirty 
bag is then unfastened and floated under the outside barrel alley and 
up under the small float. The bag is fastened at the surface of the 
water, and the sides are scrubbed within and without with stiff 
brooms. The bag is then raised on an incline (Plate XIX), and the 
dirt scrubbed loose and washed out by water thrown on the bag. 
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(Plate XX.) It is sometimes necessary to turn the bag upside 
down and scrub, or even scrape, the underside of the bottom, as in 
the ten or twelve days that the bag has been in the water the sea 
squirts (Molgula) and barnacles may set thickly upon it. After the 
careful scrubbing and washing the bag is pulled up out of the water, 
the sides raised, and the bag left to dry (Plate XXI). The drying 
takes but two or three hours on a clear, warm summer day. The 
- drying of the salt water tends to whiten the bags considerably. 


5. Construction and Adjustment of the Paddles. 


The paddles used at Wickford are two-bladed, not unlike those 
used overhead in restaurants. (Plate XVIII.) Each blade is made 
of one-inch cypress and is 8 inches wide at the end nearest the paddle 
shaft, and tapers to about 4 inches at the outer end. The blades are 
fastened by clamps to a piece of ?-inch galvanized iron pipe which is 
placed on the under side. Between the two blades is a T coupling, 
into which a vertical galvanized iron pipe is screwed. This vertical 
pipe is used as a shaft for that part of the paddle which is under 
water, and connects directly by a coupling to a short piece of one- 
inch shafting connecting with the gears. The paddle used at present 
is broadly beveled on each side, though the donble beveling is un- 
necessary. The length of the paddle should be sufficient to clear the 
bag by about 6 inches when revolving, and should be raised about 
the same distance above the bottom of the bag when this is drawn 
up by the current. The blades of the paddle should, furthermore, 
be painted white so that the lobsters will avoid them. 


Too great care can not be exercised in the proper adjustment of 
the paddle. With a paddle of the above width and length ten 
revolutions per minute are sufficient. The angle which the paddle 
should oppose to the water is a matter which requires experience to 
determine. It is, however, a very important factor. Many times in 
two lots of larve, under apparently similar conditions, one of them 
will appear clean and healthy while the other will be covered with 
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growths. In one a large percentage will survive, while in the other 
the mortality will be high. The main cause will be the difference 
in the current of water. 

By the angle of the paddle the amount of current is determined, 
and the current determines the amount of food which is accessible 
to the lobster, the extent of cannibalism, the ease with which they 
molt, the amount of diatoms and other parasitic growths on the fry, 
and those undeterminable factors which go to make up conditions 
of health and vigor. 

That the proper amount of current should affect the accessibility 
of the food and to a certain extent prevent their eating one another 
is easily seen. That it should have an influence on the ease of 
molting is also apparent. When the lobster molts it is, for a short 
time, more or less helpless. A strong current throws it against the 
sides of the bag or forces it against the screenings. These conditions 
naturally do not favor molting. On the other hand, if the current is 
very weak, while it may be sufficient to keep an active larva moving, 
yet when the molting period arrives the larva will sink to the bottom 
and be rolled along with whatever food, silt, diatoms, and fungus 
spores have collected there. The current must be so adjusted as 
to prevent both of these difficulties. Why it should affect the 
parasitic growths on the fry is not so easily seen. Because of the 
current continually running in the bags, there can not help but be 
a considerable collection of diatoms, etc., on the inside of the canvas, 
and consequently in the water within the bags. The number in the 
water within the bags, however, cannot be much greater than in 
the water outside; at least not enough greater to explain the abundant 
growths of diatoms which sometimes occur. The probability is that 
the fry are infected with these organisms by their contact with the 
sides of the bags. With a current great enough to continually 
throw the fry against the sides of the bags, the opportunity for their 
infection would be very great; while with a current of less intensity 
the natural instinct of the fry to shun a white surface would prevent 
this to a great extent. That this is actually the case is shown by 
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the fact that frequently two lots of fry, under exactly similar condi- 
tions as regards cleanliness of the bags, ete., will, with different 
strengths of current, turn out, one clean and healthy and with a low 
mortality, the other covered with diatoms, etce., weak, and with a 
high mortality. ° 

Other unfavorable circumstances attend a strong current. Ex- 
periments with fry of all stages, conducted carefully in jars, showed 
that all through the larval period the lobster is negatively rheotropic, 
7. e., will endeavor to swim in opposition to the current. Efforts to 
oppose the current are more marked the stronger the current. Ina 
very feeble current the lobster will, to a certain extent, act as if 1 
quiet, water; when the current is strong, but not too strong, it wiil 
oppose it, provided other things, such as the pursuit of food, reaction 
to light, etc., do not interfere. Of course in a too strong current 
the larvee will be prevented by the mere force of the current from 
swimming against it. This reaction to current is most pronounced 
in the fourth stage, as in that stage the fry are very strong swimmers. 
The first, second, and third stages swim very feebly, and are naturally 
turned over and over by a strong current. They will continue to 
struggle against it, however, though without avail. This certainly 
can not be favorable for their development. When turned over and 
over by a too strong current it is impossible for them to secure food, 
and starvation results. 

Although from what has been said it will be seen how important 
a matter the proper adjustment of-the current is, yet the selection 
of the most favorable current can be made only after some experience 
has been gained by actual experiment. 


6. Obtaining the Egg Lobsters. 


At Wickford the egg lobsters are purchased in the spring from the 
lobstermen at the regular retail price. It is the custom at some 
stations to buy the egg lobsters throughout the entire year, and retain 
them in pounds or cars. Ifa suitable place is at hand this is of course 
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preferable, as it creates a market for the egg lobsters and takes away 
the incentive to scrape off the green eggs; also, since the time in 
which they may be collected is longer, a greater number of egg 
lobsters can be secured. In case the egg lobsters are shipped 
some distance, care should be taken not to allow the ice to come 
in contact with the lobsters, as the fresh water from the melting ice 
will kill most of the eggs. If it is necessary to use ice in shipment, 
it should be so arranged that neither the ice nor the fresh water 
come in contact with the lobsters or with the eggs. 


The lobsters obtained are confined in covered cars divided into two 
compartments, each five feet square, and with a water depth of two 
feet. As the lobsters which are to be put in these compartments are 
more or less crowded together, it is necessary to secure their claws 
in some way to prevent fighting, which may result in killing or 
mutilating one another, or at least in scraping off the eggs. Tying 
their claws with string or wire, winding with canvas bandages, or 
putting on mittens made of some cheap cloth, and plugging the claws 
with wooden plugs have all been tried. Of these three the winding 
with canvas bandages is preferable; but the bandages invariably 
work off from one or two, and then the others are at their mercy. 
The surest way is to insert wooden plugs just outside of the movable 
jaw of their claws. This at first was avoided, for fear of injuring the 
lobsters, but it was found that very little if any injury was caused by 
this plugging. The use of the claw is very quickly restored after the 
plug is removed, and the lobster seems to be none the worse for it. 
This practice is employed by lobstermen everywhere where lobsters 
are kept in cars. 

As the season progresses, usually about the first of May, the 
lobsters are looked over. One who has had experience can tell at 
a glance about how soon the eggs of a lobster will hatch. The lobsters 
that will hatch their eggs about the same time are put in compart- 
-ments together. Too much care can not be exercised in keeping 
them picked over. 


19 
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7. Hatching the Eggs. 


As soon as a lobster’s eggs reach the point where they will hatch 
in two or three hours, the lobsters are transferred to flat crates 
(three feet square and four inches deep) made of laths about an 
inch apart. These crates, which must float when filled with lobsters, 
are placed in the rearing bags and the paddle started. (Plate X XII.) 
Care should be taken not to permit the lobsters remaining so long in 
the retaining cars that hatching commences there, for if this occurs 
many fry will be lost. Yet at the same time only those whose eggs 
are on the point of hatching should be put into the bags, for this 
enables one to get a sufficient number of fry in the bag in a very few 
hours, and also all the fry are about the same age. Naturally this 
is a very important factor because of their cannibalistic habits, for 
if lobster fry of assorted sizes are in the same bag the danger of their 
devouring one another is much greater than as if they are all of the 
same age, although this danger is reduced to a minimum in the rearing 
bags. 

The crate, also, to a certain extent, impedes the circulation of the 
water, and consequently the sooner removed the better. Besides 
this, the longer the egg lobsters remain in the crates the more un- 
hatched eggs are scraped off into the bags, and though many of these 
are subsequently hatched, they stand no show against their older 
fellows. The crates should be allowed to float around with the cur- 
rent, as many fry would be lost by being dashed against a stationary 
crate. It is better, however, to fasten the crates loosely about the 
paddle shaft so that it can not damage the bag by striking against it. 


8. Feeding. 


Feeding is another operation which requires much attention. 
(Plate XXIII.) The lobster fry in all stages eat ravenously and with- 
out much selection of food. Almost anything in the way of animal 
food will serve them fora meal. Their cannibalistic habits have been 
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referred to. In confinement in the rearing bags the food item be- 
comes of tremendous importance. Molting three times in from 10 
to 14 days, while in each molt important structural changes occur, the 
lobster demands regular and almost continuous feeding. Their 
feeding apparently does not take place chiefly at night, as in the adult, 
but on the contrary they seem to feed most frequently during the 
day. The warmth of the water and the bright sun seem to favor their 
growth, or at least the rapidity of molting. Lobster fry very often, 
when taken from the rearing bag and placed in a shallow dish for 
observation, will molt in a very short time if it is a bright sunny day. 
This occurs so often as to lead one to conclude that the warmer tem- 
perature of the water in the dish hastens the moltmg. Since these 
conditions of temperature favor growth, they must undoubtedly 
encourage more abundant feeding in order to supply proper material 
for growth. But we are not to conclude that the lobster does not 
feed during the night. Flash-lights thrown on the water in the rear- 
ing bags at night have shown fry eating pieces of clam. The fact 
that the proportion of those feeding was not as great as in the day- 
time must not be taken as an indication that the lobster feeds 
principally by day, for a sudden light greatly excites the lobster and 
may have caused the dropping of food. 

The practice of feeding the fry as frequently during the night as 
during the day has been carried on at Wickford. The kind of food 
used is determined, not so much by the preference of the lobster, as by 
the requirements of the scheme of rearing. The fry feed quite as 
readily on one kind of food as another. Fish, perhaps, is as much 
preferred as anything; but it is very oily and fills the water with 
grease. This interferes with observation and is unfavorable to a 
healthy condition of the fry: Moreover, those particles which fall 
to the bottom of the bag rapidly decay, fouling the water and rotting 
the bag. Soft-shell clams seem to be the best available food. The 
advantages are lightness, requiring little current to keep it up in the 
water, absence of oil, and are less likely to decay. The fry eat it very 
readily. The preparation of the clams consists in cutting them from 
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the shells and chopping them finely with a meat chopper. The whole 
clam is usually employed, not even discarding the tough snout, as 
the lobsters seem to pounce upon pieces of this almost as quickly as 
on the softer parts. In past years it has been the custom to sift the 
erindings through wire netting, and only use the very finest, such as 
would give a milky look to the water; but the past season all the 
grindings were used. In some instances the fry were seen to pass by 
the smaller particles and seize a larger fragment. Of course the par- 
ticles must not be too large, otherwise they are not kept properly 
suspended by the current. In regard to the time of feeding, it was 
the practice last year to feed every three hours throughout the 
twenty-four. This seems to have been quite satisfactory. The 
practice of keeping the fry continually supplied with food should be 
considered of more importance than regular feeding periods. 


9. Length of Time Required to Reach the Fourth Stage. 


The length of time required to reach the fourth stage from the time 
of hatching varies at Wickford from 10 to 21 days. The temperature 
of the water is, in a great measure, responsible for this variation, but 
careful records kept during 1905 seem to show that, while it is the 
most important, it is not the only factor. It will be necessary to 
experiment further in order to fully establish the importance of the 
various factors, yet it may be said that the following certainly do 
exert considerable influence on the duration of the first three stages. 
In the order of apparent importance they are: temperature, food, 
current, density, and light. The effects of temperature, food and 
current have already been described. Of the influence of the density 
of the water little is known; after a warm rain, however, molting 
seems to progress more rapidly. The importance of the light fac- 
tor is as yet undetermined. 


10. Liberation oj the Lobsterlings. 


As fast as the fry reach the fourth stage they are dipped out 7n- 
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dividually and put by themselves in a retaining bag. As soon as a 
sufficient number has been collected in this bag they are transported 
to the place where they are to be liberated, in large galvanized iron 
‘cans with a loose cover over the top. A suitable shore, one composed 
of rocks, with a growth of short eel-grass or seaweed of some sort, is 
selected, and the young lobsters poured out just at the water’s edge 
(Plate XXIV). The morning is the best time for transporting and 
liberating them. If the time during transportation is long, a tight 
can with ice may be suspended in the can containing the lobsters; 
but where there is to be only two or three hours’ confinement in the 
can, care in keeping it from the sun and frequent aeration of the water 
by stirring, is all that will be necessary. 

The above plan is the result of experience. At first the lobsters 
were liberated at the surface of rather deep water over a rocky ledge. 
The fry when poured out would sink for some distance and then the 
greater part would rise and swim about. Just how long this swim- 
ming was continued is not known, but instances occurred where in- 
dividual lobsters, which had some distinguishing mark, as the absence 
of a claw or a peculiar tuft of diatomaceous growth, have been 
liberated by accident near the houseboat, and have been observed 
for several days swimming from one beam of the float to another, 
though the bottom was only from 6 to 10 feet distant. It is hardly 
needful to comment on this method of liberation. Tautog abounding 
around such ledges would scarcely allow such an opportunity to go 
by without taking advantage of it. Perhaps few lobsterlings would 
ever become established in safe retreats. 

Profiting by this experience, the idea of liberating on the shore was 
tried. Here another distinction between favorable and unfavorable 
places was found. If the lobsterlings were poured out at the edge 
of the water where the shore was composed of white or light colored 
rocks, the majority of them would swim out from the shore while 
still near the surface, and apparently the result would be smiliar to 
liberating in deep water. If the shore, however, afforded a dark 


background, especially if this was occasioned by eelgrass, alge, or 
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seaweed of some sort, the lobsters would disappear, and close scrutiny 
would reveal most of them lodging in the branches of the weeds and 
following the stems down to the bottom. Some fry, of course, would 
swim out, due mostly to the reaction from being in confinement. 
Most of them, however, would soon go to the bottom. 

As has already been shown, the exact time when the lobster fry 
leave off swimming, except when disturbed, varies somewhat. The 
majority of lobsters in the fourth stage when confined in cars do 
build burrows, and perhaps swim about only when in search of food 
or upon some other stimulus; a minority will, however, either keep 
swimming about on the sides of the car near the surface; but it is 
not long before these, too, have taken up the habits of bottom life. 

From the above considerations it would seem that the lobsters 
may, if care is taken, be liberated successfully after the first three or 
four days of the fourth stage are passed. To be sure a later stage 
is preferred, and as many stages later as may be will further insure the 
lives of the lobsters liberated; but for practical rearing purposes the 
fourth stage is probably sufficient. 


11. Liberation oj the Egg Lobsters. 


After the eggs are scraped or hatched from the hen lobster, a copper 
tag with a serial number and the words “Return to the R. I. Fish 
Commission” is fastened securely with fine wire to the lobster’s 
beak. (Plate XXV.) Then, after the length and other data of in- 
terest have been recorded, they are liberated at various places in the 
Bay. The tags of those caught are returned by the lobstermen, with 
a record of the date and place captured. Considerable information 
is thus collected in regard to the migration of the lobsters, and, since 
the lobster in molting casts off the tag together with the old shell, 
some data is obtained in regard to the length of time before molting 


after the eggs are hatched. 


12. Conditions Most Essential for the Location of a Rearing Plant. 


The experience of the past five seasons in the operation of the plant 


PLATE XXV.—Adult lobster with copper tag attached to beak. Lobsters thus tagged are 
liberated at certain stations, and lobstermen are requested to return such tags. if retaken, 
to the Commission, giving date and place of capture. Valuable information on the move- 
ments of lobsters has been obtained by this method. 
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at Wickford has made it evident that, for the proper location of a 
station for rearing lobsters, two conditions especially must be sought. 
These conditions are quiet water and warm water. It is not essential 
in the least to have the station near the place where egg lobsters 
are obtained most abundantly, for the lobsters may be shipped with 
little injury. Shelter from storms and ocean swells is obviously a 
very important factor. 


The plant described above, though evidently but a skeleton 
structure, is nevertheless capable of withstanding quite a heavy sea. 
In the summer of 1903 it was subjected to one of the worst storms 
for years along the coast, and rode it out uninjured. The break- 
water then in use was light and was carried away. The rearing 
apparatus, however, was not damaged. The paddles ran in good 
order until in the midst of the storm the engine was shut down as a 
measure of precaution. The seas ran so high that many fry were 
swept out of the bags. The greater the protection afforded by the 
location, however, the less danger will there be of accident. 

The temperature of the water is of paramount importance in order 
to obtain the best results. Although it is possible to rear lobsters 
with some success in cold water, the best results will be obtained with 
water at a temperature of 65° to 75° F. This higher temperature 
results in a more rapid development of the lobsters. This more rapid 
development results, first, in a reduction of the expense of operating 
the plant, because of the less time required; and second, in a greater 
proportion of fry reared to the fourth stage, because in the shorter 
time there is less chance for death from cannibalism, parasites, and 
injury. 


13. Cost of a Rearing Plant. 
The estimated cost of the simplest possible plant, consisting of 20 


rearing bags, capable of turning out 500,000 lobsterlings in a season, 
is aS follows: © 


52 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


A SED: WP eneimete, Ween. aie 6. hayes a eee $400 00 
Higuselsoateeee see te se 3 Pi ee 325 00 
A OG pS. me forehead. 8012: ches ee ee 350 00 
Gearincemre Sere. fs 15, 2 AE A 700 00 
ant ee eee 80 ey BAe ee ee 500 00 
Miscellanecousiixtures  (.)222 Gs SRO hOPe 225 00 

$2,500 00 


In some localities this might vary from the above more or less, 
according to the advantages for securing the materials. 

The running expenses of such a plant in a favorable locality would 
not be far from $3.00 per thousand lobsterlings reared; this includes 
gasolene, food for the fry, and labor; but does not include the cost 
of egg lobsters. 
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I. INTRODUCTION. 


At a time when artificial propagation is bidding fair to partially 
check the ever increasing depletion of many forms of marine animals 
whose economic value has long sustained a many-sided fishing in- 
dustry, any facts which may bear directly or indirectly upon the life, 
habits, or development of such forms might seem to be of value. 
This fact is especially true in respect to the American lobster, a 
knowledge of whose development must influence not only methods of 
artificial propagation, but also legislation in determining the season 


and size at which the taking of lobsters shall be allowable. 


It may here be noted that the life of the lobster from time of hatching until 
time of death is but a series of stages or stage periods, so-called, each one of 
which represents a period of its life between any two successive molts or 
castings of its shell. Of these stages, the first four are passed through 
rapidly, the young creature molting usually four times in the first twenty 
days of his existence. It is these first few stages, so quickly passed, that 
include the most important changes which the young lobster undergoes, and 
they are called the larval stages, denoting the successive emergence of one 


form from another. In each successive stage the lobster is larger than before ; 
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thus we can say that he grows by molting, but (except for the gradual inter- 
articular expansion within the few days immediately following the molting 
process) never between molts. From the fourth stage on, however, each suc- 
ceeding stage period is of longer interval and the changes which the adoles- 
cent lobster undergoes are correspondingly less distinct or significant, being 
characterized chiefly by those alterations in internal morphology which are 
concerned with the reproductive organs as the young lobster approximates 
to the adult structural and adult functional type. The slight changes in 
body form which the older lobsters experience are evident in the increasing 
‘“stockiness”’ of the body, the increasing relative size of the chelipeds, and 
(in the case of the secondary sexual characteristics) the broadening of the 
cephalothorax in the male, or the widening of the abdominal segments in 
the female for the better accommodation and protection of the eggs which 
are borne attached to the swimmerets on the under side of the “‘tail.”” The 
first three stages of the lobster are free-swimming stages, but all the activi- 
ties are without co-ordination or aim. The fourth stage is also free-swimming, 
but in this case there is co-ordination in movement, and the young lobster 
swims with directness and purpose, usually at the surface, a phenomenon 
which is very likely determined by the general positive phototropic reactions 
evinced in this, but not in later, stages. Sometimes in the late fourth stage, 
but always in the fifth, the bottom-seeking and ‘‘hiding-habit’’ becomes 
prominent, and lobsters in all later stages manifest the characteristic habits 
of the adult species, namely, the tendency to shun the light and to seldom 
wander far from the rocky crevices which they select for their dwelling place. 
There appear to be, however, certain migrations of lobsters, some of which, 
according to Bumpus (99), travel long distances in an incredibly short time. 
The migration may be general in its nature and characterized by a flux of 
lobsters into deep or shallow water at certain seasons of the year. These 
migrations seem to be influenced by water temperatures. There are, on the 
other hand, certain peculiar individual migrations, as mentioned above, 
when often a lobster may cover 15 or 16 miles in 3 or 4 days. For such as 
these there is no explanation available except the general tendency to wander 
restlessly about (a phenomenon observable in all the early stages) when once 
they have been removed from their habitual environs or when their habita- 
tion has been altered, removed, or destroyed. 

This general absence of a migratory tendency (over great distances) which 
has also been proved to hold true for most of the tagged lobsters liberated in 
Narragansett Bay is a significant fact which bears upon the possibility of a 
depletion of lobsers in certain localities—a subject to be considered on a later 
page. 
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With these facts in mind, the writer has herewith attempted to 
offer a limited amount of new observations upon the rate of develop- 
ment of the American lobster and, recalling some observations of 
other writers, to make an estimate of the age of lobsters in different 
stages of development. A great number of the facts here reported 
have fallen under the writer’s own observation while engaged in the 
work of artificial lobster propagation at the Experiment Station of 
the Rhode Island Fish Commission, at Wickford, R. I. He has, 
however, taken the liberty to make free use of data from several other 
reliable sources, as Herrick, Buckland, Boeck, G. O. Sars, Mead, 
Williams, Brook, Emmel, Goode, Dalyell, Bumpus, Packard, Gorham, 
Cobb, and others, each one of whom has presented facts which, when 
combined with the others, help to construct a somewhat fuller ac- 
count of the rate of growth of Homarus than has yet been obtained 


from any single source. 


Il. Ear.uierR OBSERVATIONS ON THE RATE OF GROWTH. 
1. Amount of Increase at Molts. 


The question was raised by Herrick (’95), “ How-long does it take 
alobster to attain marketable size?” (104 inches in Massachusetts.) 
Herrick himself was the first to gather data, make an estimate, and 
to give a tentative answer. For this reason, before considering our 
own and other observations, it may be appropriate and of advantage 
to examine briefly the result of this writer’s numerous and careful 
observations, made at the Woods Hole Station of the United States 
Fish Commission, upon the size and molting periods of lobsters in 
all of the earlier, and many of the later, stages of development. To 
show the average length of young lobsters in the first ten stages, 
Herrick presents the following table: 
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TaBieE No. 1. 


(Herrick’s Table No. 25.) Actual length of lobsters during the first 10 stages 
at Woods Hole, Mass. 


| | Number of 
NuMBER oF MOLT or STAGE. | ee aa nean | ee 5 
‘ | | 
tl ee 7.84 7.5 to 8.03 | 15 
Pool ote 9.2 S30 folo.2 || 47 
Bice seca ne 11.1 10.0 t0 12.0 | 79 
Ae ot igre 12.6 11.0 to 14.0 64 
5 14.2 13.4 t015.0 | 15 
Gicuniocls dae tts ee eee 16.1 1520) tod 7 0) | 12 
Wests dc 5 ee 18.6 18.0 to19.5 | 4 
Sits. tol 21.03 19.0 to 22.0 | 5 
OA je. are 24.5 24.0 t025.0 | 2 
10 28.03 | 26.6 t029.5 | 3 


Using as a basis this table, together with one other (Herrick’s Table 
No. 35), we can formulate the following scheme, which briefly summa- 
rizes the results of Herrick’s observations on the first ten stages, with 
reference to (1) average length, (2) increase in length at molts, (3) 
percentage of increase, and (4) average age of individuals in a single 
stage. 


TABLE No. 2. 


Summary of Herrick’s statistics for first 10 stages of lobsters 
Raised at Woods Hole, Mass. 


STAGE. Ibe {| 245 3. | 4. 5. 6. 


Average length (mm).../7.84 9.2 |11.112.6/14.2 16.1/18.6/21.03 24.5 28.03 


Increase in length (mm).|....) 1.36 1.9 1.5] 1.6] 1.9} 2.5 2.43) 3.47| 3.43 
| 

Increase per cent.*...... ....{17.3 (20.6/13.5)12.7 13.415.512.5 16.5 14.00 
idee eden a a 

Average age, (days)..... 4 eee SID) 0) 225 5 IS 0 ee gael ana tee ene 


* Average per cent. of increase for the 10 stages is about 15.2. 
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Estimating from this table, the average increase in length for the 
10 stages will be found to be 15.2 per cent. In another group of 66 
individuals, however, Herrick obtained an average increase of only 
13 per cent. It will be observed, however, that, owing to the difficul- 
ties in maintaining the 7th, 8th, 9th, and 10th stages, the number 
of individuals in these stages examined is comparatively small; and 
since the variation in size in a single stage is great, a larger number 
of observations might perchance give more certain results. It will 
be observed from Table No. 2 that the percentage of increase under- 
goes no great variation between stages 1 and 10. 

Other observations were made by Herrick upon lobsters of later 
stages, and the following table gives records of molts of eight lobsters 
varying in length from 54 to 114 inches. The results demonstrate 
that, although the percentage of increase for these older lobsters 
varies between 6.66 and 18.18, the average per cent. of increase is. 
12.01 which, as will be noted, is not far from the per cent. of increase 
in length for the first 10 stages. (See Table No. 2.) 


TaBLE No. 3. 


(Herrick’s Table No. 24.) Increase in length of lobsters at time of molting. 


Length Length | T I 
No.] Date. sex | “Retire | “attr” | lenati. | percent. 
—— | | | 
| Inches. Inches. | Inches. 
1 |Oct. 22, 1890 ..|Female.... 5} ene 1 18.18 
2 \Oct. 29, 1890 ..|Male...... iil 12 1 9.09 
3 |Nov. 6, 1890....|Male...... 1 4 ie 9.68 
4 |Nov. 10, 1890... ‘Male A Posteo 9 104 14 | 16.66 
balINover DL 890)\ 5s -1cee eer 3 8 | 4 6.66 
6 |June 8, 1891.. . |Male Se as 92, 104 | 14 13.13 
7 |July 13, 1891 .. Male pein isd 114 124 14 Wik edi 
Soller eee ns cree *| Sd 4 74 3 11.54 
Average...... ete ee 2 sole a sitet esto a 12.01 


*Recorded by Dr. A. 8S. Packard, ‘‘The Molting of the Lobster,’’ Am. Nat., 1886, XX. 173. 


Taking as a basis the observations presented in the foregoing tables, 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. 159 


Herrick, having determined the average percentage of increase per 
molt as 15.3, and the average length of the first stage larva as 7.84 
mm. constructs the following systematic scheme to show the prob- 
able lengths of lobsters in all the later stages from 1 to 30, a period of 
time which would represent the life of the lobster from time of hatch- 


ing to the attainment of very great size: 


Taste No. 4. 


(Herrick’s Table No. 26.) Estimated length of lobsters during the first 


30 stages. 

Stage. Length. Stage. Length. Stage. Length. 

mm. x mm. mm. 
A. 7.84 TH eke gem 32.55 Dilla hip cttaes ® 135 a7 
Oe 9.04 LOLA re, 37.54 Spe aA 5: 155.86 
Bay 10.42 fe oe eee ea 43.28 29) erate 179.70 
Ae 12.02 ST ae 49.90 DAS Mes 207 .20 
ae 13.86 ey Saar Inia s aie Naa ene eee *238 .90 
Gs 15.98 LG 6634), 7) Cos: 4275.45 
Fie 18.42 ily. ae OPAOH ADT Wale 317.59 
Ce DN! [Sh ee BS 1G |i F28 a alt: | 366.16 
See 24.49 TOE a. LOLSOS Br Orn eee: 422.21 
LOZ.: 28 .23 PADS | He 2ee A oka se {486.81 

*9.5 inches. +11 inches. $19.1 inches. 


2. Frequency of the Molting Period. 


Next arises the question of the time interval between the suc- 
cessive molts. Herrick considers several cases of young lobsters 
which have fallen under his observation and concludes that a lobster 
one year old has molted 14 to 17 times and has attained an average 
length of from 2 to 3 inches. Regarding the molting period of larger 
lobsters, Herrick makes reference to Brook (’87). This observer 
kept a female lobster 648 inches long, for 506 days, during which time 
it gained 27% inches in 4 molts: 
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id Nc ta Cy id Ae a ROS RSI Th 1 612 
1, es Silly US ommend. ee 1%5 
24, DeceMmbetae pene Ga es. Ae ae 8 
Soph ek lays ele eeeemet tee cP. Jee eee ne ea 8té 
AL LINO Wennbeteg SO 4 a... 5... 2... DES Ee Dee ete 9555 


In consequence Herrick assumes that if a lobster 6 or 7 inches long,. 
kept in the unfavorable conditions of an aquarium, will gain 24 inches 
in 14 to 17 months, a 6-inch lobster will attain a length of 9 to 10 inches 
in 2 years. He further believes that 5 molts may elapse between the: 
3-inch stage and the 6-inch stage; and that these 5 molts can not 
take more than 2 years. As to the rate of growth of lobsters just 
under 3 inches, Herrick mentions a young female lobster which 
measured 51.8 mm. on the 10th of December. If it had lived, 
Herrick thought probable that it would have molted 3 times before the 
following June; and that by this date it would have attained a length 
of over 3 inches. 

He considers that the young lobster probably molts 14 to 17 times: 
during the first year and in this time attains a length of 2 to 3 inches, 
which length may be greatly exceeded. Putting all these facts together,. 
Herrick finally concludes that a lobster 104 inches long is between 44 
and 5 years old, the higher degree of probability being in favor of the 
smaller number. . 

Before considering the data in hand it may be well to examine 
briefly some facts concerning the development of the European 
lobster (Homarus vulgaris) which, though usually somewhat smaller, 


is very similar in other respects to Homarus americanus. 


III. GENERAL OBSERVATIONS ON THE EUROPEAN LOBSTER 
(Homarus vulgaris). 


There appears to be a wide variation in the reports concerning the 
development of the European lobster. As is the case with the 
American lobster, the early stages may be divided into two groups, 
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the zoéa or free-swimming stages, and the megalops, the first stage 
in which the lobster assumes the form and, to some extent, the habits 
of the adult. Next, according to Williamson (’04), comes the mega- 
lops, which seems most comparable to the fourth stage of Homarus 
americanus, and then the “first-young’”’ stage, so-called, which is 
represented by the fifth stage of the American lobster. Some writers, 
as R. Q. Couch (’43). have assumed the existence of a protozoéa stage. 
Chadwick (’05).also has published, according to Williamson, a de- 
scription of a protozoéa stage, three zoéa stages, a megalops and a 
“first-young’’ stage. It would seem probable, however, that there 
may be reasonable doubt of the existence of this protozoéa stage, and 
that what the observers have actually seen is but an occasional 
variation which sometimes presents itself in the first zoéa stage and 
not a separate stage. 

We note, on the other hand, that such observers as Appellof (’99— 
701) and Ehrenbaum (’03) make mention only of the stages which 
correspond very nearly with the first stages of Homarus americanus 
as described by Herrick (’95) and the writer (’05). Likewise in the 
reports of the duration of the early stage period of Homarus vulgaris 
there is wide variation. 

Chadwick (05) states, according to Williamson, that with the 
exception of the protozoéa stage, each of the first five stages of the 
European lobster lasts about a week. It seems hardly credible, 
however, that the length of the stage periods should be so nearly 
the same; and especially that the fifth should be no longer than the 
first. Appellof (99-01) and Ehrenbaum (’03), as we shall see, give 
quite different reports regarding the stage periods of the European 
lobster. 

The hatching period for the European lobster extends from the 
middle of July to the middle of September. The first stage lobster, 
according to most observers, is about 8 mm. in length. We have 
examined the drawings made (to scale) by Williamson (’04), and con- 
clude that the lobsters examined by him on the west coast of Scotland 
were, in length, as follows: 

21 
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Pret, 20a Shaver een ees nee se. fe 8.0 mm. 
Second! 7oca srateurremee ne 10.7 mm. 
hind *70ca statements sks ek SE 12.2 mm: 
Pourtht vdcareamemaerr es 6.0. 0.2 2a 14.8 mm. 
Merslopststneemse nae 2.) 2 2 15.0 mm. 
Dirst-yOunersraseceremae ss... Le 17.4 mm. 
pecond-youlesnipesss 4... ee ae 17.0 mm. 
‘Einirdayeumegsuamenises.).. 2...) ORR «20 70 sm: 


The value of this estimate must, however, be lessened because of 
the manner in which it was deduced by the present writer. Accurate 
measurements of the lobsters themselves would, no doubt, have given 
somewhat different results. Concerning the exact length of some of 
these early stages, we can obtain more satisfactory data from Ehren- 
baum (’03) and Appelléf (99-01). The latter observed that the 
first stage-period might be as short as five days, but averages six or 
seven days. The results of certain observations made by Appellof 
and Ehrenbaum on the length and stage periods of Homarus vulgaris 
may be tabulated as follows: 


TaBiE No. 11. 


Showing the rate of development of European lobsters in the early stages. 


APPELLOF. EXHRENBAUM. 

Ep 

5 Stage period. Length. Stage period. Length. 

Ul Gere days. nah waeecues ot Simm... ||4—5\ days-6. 2. #24 8 mm. 
2 (9 —hON Gays) Sen aera rare ae 3 3=5 Gays) teee coe er lokes oa a cick 
3) LO=12 days<(P)e eee rac... 10 daysse pea 12-14 mm. 
A 123-28 (days. eee 22 17 days-=—22-= :. 16 mm. 
By \ac and 62 Caves eae eerraeriels i). 24 daysipesee ace 17 mm. 
Gh ee ne eee oe Sols O.|lo aol 20% Gay Seer 18-20 mm. 
7 hae ee OMB de aR a 8 ld oe ee 30 days! ae eee see 21-22 mm. 
Brie Pie eo Pe ee Se 3imon@)imeeeeeee 24 mm. 


*No accurate data on the length of Appelléf’s lobsters are available at time of writing. 

+These lobsters, four in number, mentioned by Ehrenbaum (’03) were kept in Aquaria in 
water whose temperature was relatively high. This probably accounts for the molting of these 
lobsters (one in February and three in March) during the winter months. As will be shown 
later, this is not usually the case. 
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It is here observed that not only are the stage periods of the Euro- 
pean lobster very long, but the amount of increase in length at each 
molt is relatively small.* 

The periods are so long, in fact, that Appellof observed that the 
average number of his lobsters had passed through but five stages 
(and were in the sixth) when the on-coming cold weather and the 
consequent lowering of the prevailing temperature of the water put 
an end to their apparent growth. In December, however, Ehren- 
baum’s lobsters, raised in the warmer waters of Helgoland, were in 
the seventh stage, and Ehrenbaum concludes that if the young 
lobsters had been hatched earlie, in the summer, they would have 
passed into the eighth stage before the cold winter months had come, 
and put an end to the period of growth (Wachsthumsperiode) . 

Thus Ehrenbaum finally concludes that the European lobster molts 
7 or 8 times the first summer and autumn of its existence, and attains 
in this time an average length of 22 to 25 mm. 

Regarding the rate of growth of young lobsters over 8 months old, 
Appelléf observed a few individuals which molted 4 or 5 times during 
their second year of life. Making use of this, and other data, Ehren- 
baum estimates in consequence that a young lobster 116 mm.(43 inches) 
in length, is three years old. He formulates the following scheme to 


) 


demonstrate the rate of development. The “periods” refer to the 


periods of growth (Wachsthumsperiode) 7. e., in this case, years: 


First period 8 to 25 mm.......Amount of increase, 17 mm. 
Second ‘ S0-tGmarar mm: ): >. =f i‘ 40 mm. 
Third a 7O*tor ZO" mm... /! ns “ 50 mm. 
Fourth’ ~“* L207tomr Oe mam... 2. as i 50 mm. 
Fifth es 170 te; 220mm. ..’.. .\. ou e 40 mm. 
Sixth we ZO eee SOM. ...85. oe i 40 mm. 


From the summation of these facts, we can (having already ob- 
served the data presented by Herrick, page 159 draw the conclusion. 
that the rate of growth of phe average Huropean lobster may r be less 


*These facts will be more evident when:a comparison is made with the tables which appear 
on subsequent pages. 
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rapid than that of Homarus americanus. This hypothesis will per- 
mit of demonstration in the course of the succeeding pages. 


IV. OBSERVATIONS AT WICKFORD ON THE First TEN STAGES OF 


THE LOBSTER. 


The observations made at the Wickford Station of the Rhode Island 
Fish Commission by the writer and others, though differing to some 
extent from the results obtained by Herrick at Woods Hole, and 
from those of other investigators working with Homarus vulgaris, 
may serve to throw further light upon the rate of growth of lobsters 
under natural conditions of environment, and perhaps give some hint 
as to the value of a few of the conditions which appear to modify it. 
Attention may be first directed to Tables Nos. 25 and 26. The ob- 
servations here recorded were made upon young lobsters in stages 1 
to 12, whose approximate age and definite stage were known. In- 
dividual records were started immediately after the molt from the 
third to the fourth stage and carried through the following stages 
until the last of November. The records include observations upon 
individuals many of which did not live through the later stages be- 
cause of inadequate methods of preservation during the winter 
months. A sufficient number, however, were brought to the twelfth 
stage to give some value to the data on the average size and usual 
duration of the stage periods at this time of life. 

To determine precisely the rate of growth of lobsters in the first 
three stages, few special observations have been made. This is 
because of the fact that when these young lobsters are isolated in 
glass dishes or other receptacles, for particular observation, the rate 
of growth does not appear to be the same as under natural con- 
ditions, but somewhat decreased. For this reason the most valuable 
data on the rate of growth of lobsters in the first three stages are 
gained from observations upon large numbers of lobsters in these 
stages, which have been hatched at approximately the same time 
and develop under more natural conditions in the large hatching 
bags. In order, then, to represent the average rate of development 
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in the first three stages at the Wickford hatchery, the following 
(Table No. 11a), compiled by Mr. E. W. Barnes, Assistant Superin- 
tendent of the Wickford Hatchery of the Rhode Island Commission 
of Inland Fisheries, is presented. 


\ 
TaBLE No. lla. 
Length of Larval Stages in 1905.* 


| Numser or Daysin Dir- | as 
z TEMPERATURE. FERENT STAGES. 5 % 

; Qa so) 
Og | Begun. Ended. | | l ae ae 
© | First | Second | Third | "53% 
= g Extremes. | Average. Stare: Biage! Stage. oe se 
mz, | | < 

| 

i |May 212... June sae 53-56 57.4 12 6 3 21 

2 |May 24..... June 13..... 54-56 57.6 9 6 3 19 

3 |May 24..... June 19..... 52-70 60. Ds |) ke 4 19 

5 [May 26..... June 23..... 52-70.5 | 61.3 7 7 4 18 

Sioune w5). .. 1. June One 54-77 63.3 7 4 4 15 

9 |June 5..... June 27..-.. 54-77 64.8 7 5 5 17 
10 |June 7..... June 26..... Begg) || 65. | z 5 4 16 

| 
11 |\June 9..... June 26..... 54-77 65.9 | 6 4 4 14 
12 June Os Vili Ae oe 60-77 66.8 | 6 4 4 14 
13 June 2. ee June 29/52 ea 60-77 67. 5 4 4 13 
14 |June 16..... July: Saeeee eeee—za: 68. | Be) as 5 13 
15 ‘June ROsee July eee 61-77 68. | 4 3 5 12 
16 |June 21..... AM) Fennca|) (=e 69. | 5 3 5 13 
17 |June 21:.... July: thee 61-79 70. 4 4 6 14 
1g) |June 25... ,. |Julyoueeee 61-77 69. Sy 2 4 11 
19 |June 28.....|July 10..... 61-79 Oa | 5 eS 4 11 
20 |June 29..... Duly, sl eee 64-79 Tale, 5 3 5 13 
2a Sune (29... Julyaseee 64-79 71.2 | 5 2 4 1 
22 |June 29.....|July 13..... 64-79 71.4 | 5 2 4 11 
25 \Suly Sioa. July 19..... 66-82 74.4 5 2 5 12 
| 
26) Waly 7.22. « July VO2ne 69-82 75. 4 i eer 10 
27 auly cone July 24..... 69-82 74.4 4 Sal vid 11 
28 |July 11..... July; 24. 69-82 75.1 | 4 2 4 10 
| 


The average number of days in the first stage was 5 and ranged from 4 to 12. 

The average number of days in the second stage was 3 and ranged from 2 to 6. 

The average number of days in the third stage was 4 and ranged from 4 to 6. 

The average number of days to reach fourth stage was 13.8 and ranged from 10 to 21. 

*It must be borne in mind that the different lots were subjected to different conditions 
which may have had an equal or greater influence than the temperature in regulating the 
number of days in the various stages. 


a 
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Table No. 25 represents the result of a series of observations upon 
the early stages, conducted during the early summer of 1904 by Dr. 
A. D. Mead, and continued upon the later stages, during the latter 
part of the same summer, by the present writer. In this case the 
lobsters used for the experiment were taken at random from the large 
hatching bags or special cars in which they were confined, and repre- 
sent the normal average size for the summer of 1904. Table No. 26 
records observations made by the writer during the summer of 1905 
at the Wickford Station. In this case, instead of taking the fourth 
stage lobsters at random, a selection was made of those lobsters upon 
which records were to be started; that is, the small and weak fourth 
stage lobsters were thrown out, while an attempt was made to secure 
those individuals which gave appearance of being larger and stronger. 
A comparison of these two tables reveals some differences which may 
be better brought out by the following tabulations: 
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Reference to the foregoing tables demonstrates several important 
facts. First it will be observed that, though the stage periods of the 
lobsters observed in 1904 are for the most part longer than the stage 
periods of the selected lobsters (1905), the average size for the 1905 
group is much greater. Furthermore it is observed that, while the 
total average increase for stages 4 to 12 in the 1904 group is 18.4 per 
cent., the average increase for these stages in the 1905 group is 20.9 
per cent.; and that the increase in the case of Herrick’s lobsters for 
the same stages is only about 14 per cent. In consequence it is evi- 
dent that there may be great variation in the rate of development in 
different localities and under different conditions. Further, that 
there is a tendency manifested in those individuals which are slightly 
above the normal in size and strength to increase the advantage 
which they have already gained. This advantage in size of the fourth 
stage lobsters may be no more than a millimeter, but this slight gain, 
compounded through numerous successive stages, gives, even in the 
tenth and eleventh stages, a decided lead which may be observed in 
individuals recorded in Table No. 5 (1905 group). Through the 
courtesy of Mr. V. E. Emmel, the writer is able to append a table 
showing the result of observations upon a few stages of normal 


average lobsters in his keeping for the summer of 1905. 


TABLE No. 7. 


Showing the size of some normal average lobsters in the summer of 1905.* 


| 
| 


| Stage 4. Stage 5. | Stage 6. | Stage 7. | Stage 8. | Stage 9. | Stage 10. 


Average Size./13.7 mm./|15.8 mm. 18.4 mm. 22.2 mm. 22.5mm.|........ 


Average ) | 

Stage- > |14.8 da. /14.3 da. /15.7 da. |17.5 da. 175 da 
period. | 
Per cent. | 


of Increase. |........ 154% |16.3% |206% |15.7% |........ eaten 


*Data from Mr. V. E. Emmel. 
22 
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If this be compared with the relative stages given in Table No. 5 
(1904 group) it will be observed that the average length per stage for 
the normal average of 1905 corresponds very closely with the normal 
average of 1904, although it is less than the average size of the selected 
normals for 1905. It is further evident, however, that the stage 
periods of the 1905 group are, in general, greater. It is difficult to 
assign a reason for this fact other than chance fluctuations in water 
temperatures or the possible effects of light. It has always been ob- 
served that the first four metamorphic changes in the young lobsters 
follow each other in more rapid succession and that in consequence, the 
individuals are larger and more healthy, when the temperature of the 
water is near its maximum. It is during a few weeks in the middle 
of the summer that all lobsters of whatever size experience their most 
rapid growth.* 

On the other hand, as will be shown later, the effect of a strong 
light may exert a harmful influence on the development of the young 
lobsters. In the case of the group last mentioned (see Table No. 5, 
also Nos. 23 and 24) lobsters were kept in open wire cages and not 
protected from the sun’s rays nearly as well as the lobsters which 
were confined in the covered wooden cars, and whose records are 
presented in brief in Tables Nos. 5 and 6 (1904 and 1905 groups). 
The difference in the lengths of the stage periods will be readily 
observed. A more detailed treatment of the influence of light upon 


rate of development is undertaken on a later page. 


V. PossiBLE EXPLANATIONS OF THE VARIATIONS IN THE RATE OF 


GrRowTH OF LOBSTERS MENTIONED IN THE FOREGOING TABLES. 


It is undoubtedly to such differences in the temperature of the 
water that such a variation as is noticeable in the rate of growth of 
the lobsters observed by Herrick at Woods Hole, and those of other 
groups considered in Tables Nos. 5 and 6 is partly due. It is readily 
noted that not only are the average first stage lobsters at Wickford 


*See Tables Nos. 18, 19, 20, and 21. 
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larger than those recorded by Herrick, but that the percentage of 
increase for nearly all the early stages is greater in the case of the 
Wickford group. In experiments carried on at Orr’s Island, Maine, 
where the prevailing summer temperature of the water was only 60°, 
the fourth stage was not attained short of 25 or 26 days (03). This 
is over twice as long as the average time required at Wickford to reach 
the same stage when the prevailing water temperature has beén 72°. 
These facts demonstrate how dependent the rate of growth of the 
lobster, at different points of the Atlantic coast, may be (at least 
during the early stages) upon the temperature of the water; hence 
the difficulty of drawing up any strict account of the rate of growth 
applicable to all regions. This subject will be considered again on a 
later page. (See p. 197.) 

A second consideration appears from a glance at Tables Nos. 5, 6, 7, 
and 8. Through the investigations of Emmel (’05) on Homarus it is 
evident that mutilations of one or more appendages, contrary to the 
view of Zeleny (’05), exert great influence, not only in delaying the 
molting periods, but also in diminishing the normal percentage of 
increase in length in each successive molt. This is shown in the 
two following tables :* 


*Whether or not the condition of mutilation and regeneration will decrease the percentage 
of gain in size at the coming molt seems to be more or less dependent upon the time in the stage 
period, at which the mutilation takes place. The experiments of Emmel (’05) would appear to 
indicate the fact that the condition of regeneration has less influence upon the rate of increase 
when the mutilation is performed in the early part of the stage period; and vice versa; that a 
mutilation performed in the middle of the stage period has a greater influence in diminishing 
the amount of increase in size at the following molt. 
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Data on the molting period of lobsters having one or 


Tasie No. 8. 


appendages. § 
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more regenerating 


47TH STAGE. 


5TH STAGE. 


6TH STAGE. 


7TH STAGE. 


| 


3 3 3 3 
: ® o o a 
8 Date. = f Date. 5: Date. a Date. és 
gf g\3 g 3 S| 3 8/3 
Z M| M | WM n| M | M 
“El. Tce oo a ee ae es Ee | ae ahaa: 
7 eee He irigeeeeie..2| 13 ||Aug: Goce eeeeleee leew a abe | 
Sas coe ARE oe | EVR eer N'.-« ies]: LO! || Adige Ge ceeeco| pepenel let eel |e smerenewe aa Weekes 
7 a At 8 We enpazee es. | 12 | Ang Siete = (ieee eee 
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nearly normal condition during the 5th stage. 


§Data from Emmel, 
*In these sixteen lobsters it will be noticed that the molting period of the 5th and 6th 
stages was much longer than the normal period. See previous table. 
The average duration of the normal 5th stage was 93 days, and for the 6th stage 12.7 days, 
but in these regenerating lobsters the average period for the 5th stage was 12 days, and for the 
6th stage 19 days. ; 
tLobsters 18, 20, 21, and 22 had regenerating appendages in the 4th stage, but had attained 


(04). 


ing period had dropped back to the normal length of 9} days. 


In this latter stage it will be seen that the molt- 
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VI. OBSERVATIONS ON THE RATE OF GROWTH OF LOBSTERS 
Past THE TENTH STAGE. 


Before we turn to consider how these foregoing observations bear 
upon the probable normal rate of growth of the lobster, it may be 
well to examine data (Tables Nos. 9 and 10) compiled by Dr. A. D. 
Mead and Dr. L. W. Williams on the rate of growth of certain groups 
of lobsters in captivity at the Wickford Station of the Rhode Island 
Commission of Inland Fisheries.* From these observations we can 
gather many valuable points which serve to guide us in the estimation 
of the rate of growth of adolescent lobsters. 

We find that, of 149 young lobsters hatched between June 1 and 
June 26, the average length on September 15 was 31.8 mm., the ex- 
tremes being 44 mm. (hatched June 1) and 20 mm. (hatched June 26). 
Of these 149, about 10 months after hatching, 23 individuals gave 
an average length of 50 mm. while June 12, approximately one year 
after hatching, 79 gave an average length of 53.56 mm. A full list 


of the one-year-old lobsters examined stands as follows: 


Group. Number of individuals. Average length. 

1 4 43.0 mm. 

a ap 48.2 mm. 

3 28 52.. 7 1mm. 

4 19 56.0 mm. 

5 6 67.0 mm. 
Total Average, 79 boeo) Mim. 


*From time to time there have been attempts made at the Wickford Hatchery to raise 
lobsters to sexual maturity. These attempts have not been successful owing to the hard win- 
ters, the ice-packed harbor, and some insufficiencies in the construction or placing of the lob~ 
ster cars for winter months. The attempt made by the writer during the winter of 1905-6 to 
*keep lobsters in earthenware jars filled with salt water was a failure, owing either to poison- 
ing from the jars or to unevenness in water temperature. The water may be cooled to such 
an extent that it freezes at the surface and no harm is done, but rapid changes appear to 
cause disastrous results. That lobsters kept in a cold and constant temperature require but 
a small amount of water, with infrequent changes, is shown by the fact that a few young lob- 
sters which the writer entrusted for the winter to Mr. E. W. Barnes, and which he kept in a 
cold room in bottles, (whose width was scarcely greater than the length of the lobsters), passed 
the winter in safety. Of over fifty kept in this way but two died. The others were in good 
ondition when again placed in their compartment cars in Wickford Cove about April 1, 1906. 
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Measurements of lobsters hatched in 1900, showing growth during first summer. 


(Each column represents a separate car). 


Hatched between 


Hatched between 


Hatched May 31. ‘Hatched June 10. | Hatched June 26. ‘May 31 & June 26.) May 31 & June 26. 
Measured Sept. 15., Measured Sept. 15. Measured Sept. 15. Measured Sept. 15.|Measured Sept. 15. 
Age 34 months. | Age 3 months. | Age 2} months. |Age ab’t3 months.| Age ab’t 3 months. 
| | 
mm. | Inches. mm. |Inches.| mm. Inches.| mm. Inches. mm. Inches. 
26 155 21 13 20 43 7 19 3 20 113 
30) 1,5 PY z 21| 7 20 13 Pao < 
30. 1,3; 22)" $ 23] 18 21 43 23 43 
30 1); Zo 1 24| aa 22 a 23 15 
31| 14 27 1; ae) 1 22 < 23 a 
33, 1;5 Po 15 25) 1 22 a 24 a 
33} 1 pr 30 15%, 26) 1; 24 ae 24 any 
33] 1 i 30 15 26 15, 24 18 Parl 1 
35 13 30 1; 27 14; 24 i2 25 1 
36) 12 30 155 27, 1 25 1 26 1 
ox) 1,5 32| 1} 27 145 25 1 26 ists 
38) 14 32) 1} 29} 14 25 1 27 L4 
38) 14 32| 1} 30 1 25 1 28 14 
39) 1 32 1 i 30 154; 25 esl 28 14 
ea) Stl tele mel aeneell iy eal were 
16 8 4 “ 16 2 8 
' ae s 35| 13 3i| > ia 26] Its 29/14 
v. 34.7| 15 37 154 32 14 26 ists 30 i 
SS eid 38; 14 ap) ie 96| ta 30| 1445 
Total No. 16. 38 14 33) 1, 26 1S 31 14 
40 13 34) 15551 Pat 1 32 14 
40 13 34) 15; Pap lis 34 15; 
40 13 35) 12 27 1,4 34 1? 
42 12 315, 12 27 14; 34 1; 
45 13 | 36, 12 29 14 35 12 
37| 155 30 153; 35 13 
\Av.32.6 14 | oh 1551 30 1% 36 1k 
| ae 40 13 32 14 37 1% 
\Total No. 25. 41 13 | 32 14 37 ee 
42 12 | 33 135 its 15 
46, 118 Se es Siw kee 
| ——— = 34 15 37 i ts 
|Av. 29.9 1+, 35 13 37 ists 
——= 3g it saiaty 
‘Total No. 31. 40 13 . 38 14 
% 40 13 39 175 
40; 18 a 
40| 18 | Av.31.8] 14 
43 144; 
44| 148 /Total No. 38. 
Av. 30.1 ts 
Total No. 39. 


*Mead and Williams (’03). 
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By examining Tables Nos. 25 and 26 it will be observed that the 
greater number of lobsters which were hatched between June 1 and 
June 26 (entering the fourth stage June 13 to August 9) were, by the 
first or middle of September, in the ninth stage, and that the average 
length jor the normal ninth stage lobster according to Table No. 21 ts 
32.1 mm. If the average length of 79 individuals one year from 
hatching is 53.5 mm., it would seem (according to the normal average 
percentage of increase for all the earlier stages, 18 per cent.) that 
the yearling lobsters must be in the neighborhood of the twelfth 
stage. It is probable that the growth under these more natural con- 
ditions may be somewhat slower than when the individuals are care- 
fully fed and kept in their own compartments (to be described later) , 
Under the latter conditions we occasionally meet with lobsters which 
pass through the first twelve stages before December of the same year 
in which they are hatched. (See Table No. 26, Lobster No. 30.) 
Herrick believed that the normal rate of growth in natural environ- 
ments was more rapid than that obtained in the case of his captive 
lobsters, which were kept in jars having water circulation. It is 
most probable that this is true. The difference is, however, prob- 
ably less than one might expect, since the freedom from injury in 
aquaria must be of decided advantage. We know that the rate of 
growth of lobsters kept in their individual compartments is somewhat 
more rapid than the growth in the large storage cars. The reason for 
this may be the greater liability to injury when many lobsters are 
confined together, and the consequent retardation of the rate of 
growth—a state of affairs which would be in strict accordance with 
natural conditions where the probability of injury is at least equally 


as great. 


The cars (Plate X X XV) in which the young lobsters were placed at entrance 
to the fourth stage, and in which all later observations on individual lobsters 
were carried on, were constructed as follows: Long troughs were built, about 
10 feet long, 10 inches wide, and 10 inches deep, having sides of No. 12 mesh 
galvanized iron wire screening. By means of board partitions the inner 


space was divided into 10 separate compartments in which the young lob- 
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sters were placed and through which (when sunk two-thirds their depth) the 
water made easy circulation by means of the screened sides. The cars were 
provided with hinged covers which served to protect the young lobsters from 
both the sun’s rays and waves in periods of rough weather. 

These storage cars, as described by Dr. Mead, were merely ‘‘large wooden 
boxes provided with sand; gravel, seaweed, etc., to simulate as closely as 
possible the natural environment. The sides were made of galvanized iron 
screening, which allowed free circulation of the water. During the summer 
the cars were suspended from the houseboat or from floats so that the water 
in them was about 18 inches deep. In the autumn they were provided with 
tight fitting covers and were sunk in the channel, in from 8 to 10 feet of water, 
and left undisturbed until spring. The lobsters were frequently fed during 
the summer, but in the winter no food was given them, although they may 
have obtained some from the water or from the animals which grew in the 
car. * * * The question at once arises, does the rate of growth of those 
lobsters kept in confinement fairly represent the rate of growth in their 
natural environment? It is impossible to answer this question definitely 
at the present time, but the following facts have a bearing upon it: The cars 
seemed to furnish a natural environment, for not only were the lobsters in 
a healthy condition, but seaweed, oysters, clams, shrimps, mussels, tunicates, 
barnacles, various specimens of marine worms and other animals, grew inside 


the cars as rapidly and as normally as in other places.”” Mead (’03). 


Thus to summarize:. September finds the average lobster hatched the 
previous summer im the ninth stage of his existence, his length at this 
tume being 32 mm. From observations on large numbers of adolescent 
lobsters we have deduced the probable average increase for stages 4 to 12 
as 18.4 per cent. We know that the average size for 79 lobsters, aged 
approximately one year, is 53.5 mm. Applying our estimated per cent. 
of increase we deduce that a lobster one year old is generally in the 
tweljth stage. ‘The three molts between the ninth and the twelfth 
stage take place between the middle of September and the middle of 
the following May, for records of 23 lobsters show that they had 
attained at the latter date (when approximately 11 months old), 
5063 of the year’s growth. From these considerations it becomes 
evident that the average lobster passes into the tenth stage in the latter 


part of September, and into the eleventh stage during the latter part of 
23 
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October or the first of November; furthermore, that it lies dormant 
through the months of December, January, February, and March, molt- 
ing into the tweljth stage sometime in April or in the first part of May. 
It is entirely possible, however, that under certain conditions the 
young lobsters may enter the tenth stage in October or November 
and undergo two molts in the following spring; but this must be the 
exception rather than the rule. There are some instances (see Tables 
Nos. 25, 26) which have fallen under the writer’s observation wherein 
certain individually cared for lobsters passed into even the twelfth 
stage before winter; but as has been said, these cases are excep- 
tional. In any case, this view is rather in contradiction to Herrick’s: 
that a lobster under one year old may molt three times between December 
and the following June, and that a lobster one year old has molted jrom 
14 to 17 times. 


VII. OBSERVATIONS ON THE RATE OF GROWTH OF LOBSTERS OVER 
OnE YEAR OLD. 


We will now turn our attention to the rate of growth of lobsters 
over one year old. Herrick mentions the case of 16 young lobsters 
which were driven ashore at Woods Hole after a storm on January 16, 
and whose measurements were from 39 to 83.7 mm. Herrick thinks 
it possible that all may have been hatched during the previous summer, 
in which case none of them could have been over 8 months old. We 
know, however, that the young lobsters, at least in the earlier stages, 
grow more rapidly in Narragansett Bay than in the region of Woods 
Hole. Hence, since the largest of 79 lobsters one year old reared at 
Wickford was only 79 mm. in length, it is exceedingly doubtful that 
any of the shore-washed lobsters, recorded by Herrick as 83 mm. in 
length, could have been less than one year six months old. In this 
regard the writer would direct attention to records of two yearling 
lobsters raised from the egg, whose approximate age and stage were 
known. 
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TasBLeE No. 12. 


Record of the rate of growth of two yearling lobsters* raised at Wickjord, R. I. 
STAGE 12. | SraceE 13. | SraceE 14. Stace 15. % < 
} oo 
| | | Se 
3 || od || oO | s aah 
Sill al 42 |.2 || Seo 
a Date of & || Date of | 5 || Date of S| S10 
Date of =| molting a | molting || molting | = Es 
molting to | 2 1I to = to seals to = I Oh 
S| 3 =| = || S || a |S) o= 
| || | cw || aD |n| MD |n || 
May ()seoee ..|..|| July 20. .|53]/33)| Aug. 23..165  |57||Oct. 19.177 |..|| 19.9 
May (?).......|48]..|| July 20. .|61 30) Aug. 20..|70 |65)|Oct. 27. 84 |..|| 21.9 
— — — | | | 
| 
Average...... 5 S12 | Pe al) ira ay | eee 80.5 20.9 
1| | 


*Had not molted again November 28. 

+Rather smaller than the average size. 

We observe from a study of Table No. 10A, that of 28 yearling 
lobsters (which as we have attempted to show were in the twelfth 
stage and which in this case had an average length of 52.7 mm. on 
June 12) 24 individuals, measured the last of August, had an average 
length of 72.6 mm. This would represent an average gain of 37 per 
cent., and we may infer that approximately 2 molts, each representing 
an increase of about 18 per cent., have taken place. It will be noted 
that the per cent. of gain corresponds very nearly with our average 
computed per cent. of increase, 7. e., 18.4 per cent., for the lower stages. 
Thus we assume that the young lobster enters the thirteenth stage some- 
time in July, and the fourteenth stage perhaps in August. Considering 
for amoment Table No. 12, we note that these deductions coincide 
very closely with the facts recorded regarding the rate of growth of 
the two yearling lobsters. 

From Table No. 10A, we obtain the further data that of 24 
lobsters averaging 73 mm. (and in all probability in the fourteenth 
stage the last of August) 17 individuals, when measured on November 
7, had an average length of 87 mm. From this fact we conclude that 
the passage into the fijteenth stage takes place sometime in October, and 
note that the actual average increase in length over the fourteenth 
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stage is in this case 21 per cent. By a consideration of Table No. 
10A, however, it becomes apparent that several of the lobsters must 
have molted twice within the times of measurement. If we make 
allowance for this fact, the estimated average increase for this stage 
drops to 18 or 19 per cent. This deduction corresponds rather closely 
with the observations recorded in Table No. 12. 

Now it is, that, when we consider the rate of growth during the 
winter months, an interesting fact is observed. In Table No. 10 it 
is shown that in the group of 17 lobsters (probably in the fifteenth 
stage and averaging 87 mm. November 7) 14 individuals which were 
measured the last of the following March had not increased a milli- 
meter in length since the November measurement. This considera- 
tion must have great weight in emphasizing the fact that young 
lobsters, at least those over one year old, do not, under natural conditions, 
molt during the last of November, December, January, February, or 
March; that is to say, the average lobster passes its second winter in its 
fifteenth stage, length 86 mm. (32 inches). During the months of April 
and May, however, it appears that the length of the 14 individuals 
iast mentioned increased 18.3 per cent. This fact would signify that 
one molt has occurred and that a young lobster two years old is in its 


sixteenth stage, having an average length of 102 mm. (4¢sinches). 


VIII. OBSERVATIONS ON THE RATE OF GROWTH OF LOBSTERS OVER 
Two YEARS OLD. 


We come now to consider the rate of growth of lobsters over two 
years old. (Stage 16, length 102 mm.) We ascertain from Table 
No. 10B, that by September 10, after the third summer, the average 
length is 122 mm. (4% inches), showing an increase of about 16 per 
cent. in the 12 individuals examined. Observations made October 
4 reveal no further change in size. From this fact it seems safe to 
believe that the average lobster, two years old, enters the seventeenth stage 


sometime in the late summer of its third year and probably molts again. 
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before the winter months of the same year, into the eighteenth stage, 


experiencing no jurther change until the following April. 


1. Gradual Diminution in the Percentage of Increase at Molts. 


It is indeed possible, and perhaps probable, that, after the seven- 
teenth or eighteenth stage, the percentage of increase in length for 
each successive stage undergoes a gradual, though slight, diminution. 
If we draw conclusions from observations on the rate of development 
of most of the marine invertebrates, we must believe that in all cases, 
as the size of the individual slowly approximates to the average 
growth limit of the species, the rapidity of development becomes grad- 
ually less. While among those forms which do not grow by means 
of an ecdysis, this fact is evinced by a gradual retardation of the 
growth process, among those animals which do grow by molting, the 
change manijests itself as a gradually increasing period oj time between 
successive molts and by a decreasing percentage oj gain ajter each suc- 
cessive molt. And without doubt this natural retardation in the rate 
of growth is somewhat accentuated by the average number of injuries 
to which animals with dispositions so pugnacious are always liable. 

On the subject of the rate of growth of lobsters between 5 and 7 
inches in length we are able to obtain valuable data from Table No. 
10 B, and from other cases which have fallen under the writer’s obser- 
vation. In many instances it is to be regretted that the unfortunate 
and premature death of many very valuable individuals has placed 
some difficulties in the path of observation of certain molts, so that in 
several cases the deductions must appear to a degree speculative. It 
is most probable, however, that the majority of estimates, even in the 
instance of the very large lobsters, do not come far distant from the 
actual facts of the case. If attention be directed to Table No. 10 B, 
column 1, it appears that the individual lobsters under consideration 
did not molt more than once before May 31. Considering that 
lobsters designated a, b, c,d, e, and a’, b’, ce’, d’, e’ are identical, we 


can construct the following table, which should give us some idea of 
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the average per cent. of gain per stage for lobsters about 6 inches in 
length. 


TApin No. 13: 


Data on rate of growth of lobsters between 5 and 6 inches raised at Wickford. 


Increase 
Specimen. Before Molting. After Molting. Increase. per cent. 
Sele aia es aah 107 mm. 130 mm. 23 mm. Pols) 
Dabaes ee eee | 111 130 | 19 170 
5 ORAS Ie eee 127 149 22 US 
76 eG ge AE ee 114 | 128 | 14 UP 
CE Se tt ne A 106 123 | ive 0 
g* Er cee 132 144 14 9.0 
Average 15.4 


*A lobster which had been measured for other purposes. 


These observations would indicate that the average per cent. of in- 
crease in length for 5 to 6 inch lobsters may be somewhat less than for 
lobsters in earlier stages (1 to 17). In all probability the lobsters which 
gave an average of 122 mm. (Table No. 10 B, column No. 4) October 
4,molted once more before the last of November. Unfortunately no 
further records of these lobsters were kept. We know, however, that 
normally they will not molt again until the following April. From 
these considerations it appears reasonable to conclude that a young 
lobster passes its third winter in the eighteenth stage, length 141 mm. 
(5% inches), molts again in the spring, probably in April, and by June 
1 (when approximately three years old) is in its nineteenth stage and has 
an average length of 162 mm. (64 inches). 

In the rate of growth of lobsters over 6 inches in length we may ex- 
pect to find a still smaller percentage of increase at each molt. Our 
data in this case, however, is somewhat limited. Observations upon 
15 young lobsters, whose length varied between 5%46 and 71%6 


inches, gave results which are embodied in the following table: 
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TABLE No. 14. 


Data on the rate of growth of mutilated “chicken” lobsters.+ 


Before Molting. After Molting. Average Increase. 
Dze e t 
a 
2 Ot 
4 
63 Vis 
15 7 
1316 815 
9 
61% (bus 
6 1 
815 16 
2 7 8 
6 (36 
4 10 
ao) 16) 
2 
Oe V5 
ae! 
is tt 
9 
835 9345 
14 4 
6+¢ V5 
10 
61e* ha 
14 q 
Ls (is 
10 : 3 
16 16 
8.5 Per cent. 


tMost of the individuals in this group of lobsters were intentionally or unintentionally in- 
jured, and were being made use of in the study of regeneration. 
* Represent specimens which were the least injured. 


The foregoing table demonstrates that in this group of lobsters the 
increase in length is only 8.3 per cent. This unexpectedly small 
percentage is no doubt partly due to the fact that the lobsters be- 
longed to a set which was used in experiments in regeneration, and 
nearly every individual possessed two or more regenerating ap- 
pendages; and this fact, as we have already noted in previous cases 
(Table No. 6), may reduce the normal percentage of increase, as was 
the case in the fifth stage,even to 5.3 per cent. We may, perhaps 
with fairness, estimate 10 to 12 per cent. as the actual rate of increase 
for normal lobsters of the size under consideration. It may, however, 
be of advantage to consider the cases of molting lobsters mentioned 


by Brook (’87). The facts in one instance may be tabulated as 
follows: 
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TABLE No. 15. 


Showing rate of growth of Brook’s lobster, No. 1. 


No. of Molt. Date of Molt. Size after Molt. Per cent. of Increase. 
ee Greer I ROL ck (Qe ha 67 inches: 3's Vel 4a eae tors serene 
SED elena te caigieeee.......| pe inchesoae. re 8.0 
of ES Tie Med Wecember25.....| “8 anchesy25.-= ities 
pi AN cree Be esa Nes ilvg@2 oreo... .| O24 INCHES ree 10.9 
a ee Srey a dN Nowember 19*..... |) 9-8. INCHES eee aA 
IASI ARE oa cleat bee See |... cara tstsi Raat eae 9.0 


*Period, 506 days. 
The observations of Brooks, on another and larger lobster, were 
as follows: 


TasBLE No. 16. 


Showing rate of growth of Brook’s lobster, No. 2. 


No. of Molt. Date of Molt. Size after Molt. Per cent. of Increase. 
iL Set, SORT Re ener cee (2) dee 7 Pe mcbes, Week Arcee See eae ia 
Peo ptintne ty Wit Vi Reebok. sdcce 74+@ inches... -/.2- 10.4 
Steere es september 20......-|8¢8 aches: .)2 >.) - 12.6 
ANY DEES yd Beil 33:20. 5.) . . 20's | SUS MNCs oltre tye 4.8 
Te Ree ES @ctober 137... .... O22 Since B see year: 4.3 
VASURETEE Do) 08 ea ee a ec i es 8.01 


*Period, 414 days. 


It would appear from the facts above outlined that the average 
percentage of increase in the length of these lobsters is very slightly 
greater than those already mentioned in Table No. 14. It must be 
stated, however, that the two lobsters above mentioned belonged to 
the European species (Homarus vulgaris), and since we know that this 
species is naturally smaller than the American species, we might 
reasonably expect a less rapid rate of growth; moreover the lobsters 
in question were kept in aquaria, where, as we have noted, the rate of 
growth would probably be a little slower than under natural con- 
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ditions. Thus we must conclude that the percentage of increase in 
the case of Brook’s lobsters is slightly less than the normal amount of 
increase for lobsters of the American species of the same size. Herrick 
probably approximates more closely to the actual conditions in the 
table here presented as Table No. 3, wherein he determines 12 per 
cent. as the average increase for lobsters between 54 and 114 inches 
in length. If we omit, however, the first, second, and seventh speci- 
mens, an average percentage for the remaining individuals (which. 
represent more closely the size under consideration) drops to 11.4. 
This, without doubt, represents, with fair accuracy, the average 
percentage of increase in size for lobsters between 6 and 10 inches in 
length. 

For lobsters over this size the percentage of increase appears to 
be further diminished. Two lobsters of the group mentioned in 
Table No. 3, which were over 11 inches in length, showed an average 
gain of 10.1 per cent. In three European lobsters mentioned by 
Williamson (’04), the amounts of increase were as follows: 


12% inches to 13 inches. 
124 inches to 12¢ inches. 
4 inches to 104 inches. 


In all other cases of lobsters between 94 and 124 inches the amount 
of increase apparent directly after molting* varied between } and 3 
inches, showing that even the ultimate amount of gain must have been 
very slight, in all cases under 8 or 9 per cent. We know that the size 
of the European species is less than that of the American, and ap- 
parently the average percentage of gain in all stages is consequently 
diminished. 


2. Application of these Considerations to the Rate oj Growth 
of Lobsters Beyond the Nineteenth Stage. 


Let us return now to the consideration of the average lobster which 


*It usually happens that, if the lobster be measured directly after molting, there is found but 
a slight difference in length. It requires some little time, usually a week or more, before the 
lobster attains his full length. 


24 
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we left with a length of 162 mm. (64 inches) in June, at the begin- 
ning of his fourth year of life, and in the nineteenth stage. From 
our observations and those of Herrick and Brook it would appear 
that a lobster over 6 inches in length does not molt ojtener than twice 
a year; once in late spring or early summer and again in the autumn. 
On this point the data of the following observation would seem to 
present some surprisingly clear evidence. Out of 48 “chicken ’’ 
lobsters (6-8 inches) which were confined in cars during the summer 
months of 1904 at Wickford, it was a noteworthy fact that eleven 
lobsters from 6 to 7 inches in length molted between September 2 
and October 4; that only one 6-inch lobster molted later in October, 
and not one in July or August. The lobsters were received early in 
July, and unfortunately it is not known exactly when the previous 
molt of the 6-inch lobsters took place, but it must have been in the 
early summer. The greater number of these lobsters were later more 
or less mutilated for experiments in regeneration, and the record of 
only 15 has been presented in Table No. 14. The molting period, 
however, was undoubtedly about normal, although, as already stated, 
the percentage of increase in size at each molt was somewhat less than 
what we must assume for normal. According to the above inferences, 
then, the average lobster will enter the twentieth stage sometime in the 
autumn of his fourth year and at this molt will increase from 162 mm. 
(64 inches) to 180 mm. (74 inches). In the late spring or early sum- 
mer the young lobster, now approximately four years old, molts jor the 
twentieth time and enters the twenty-first stage with a length of 200 
mm. (8 inches). 


IX. DIFFERENCES IN THE RATE OF GROWTH OF THE MALE AND 
FEMALE LOBSTER. 


1. Lobsters under Eleven Inches in Length. 


Except in the case of young female lobsters bearing eggs—and such 
are very seldom found in the 8-inch length—we may expect another 
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molt the following autumn and will find the lobster in the twenty-second 
stage with a length of 222 mm. (8% inches). From Mr. E. W. Barnes, 
the Superintendent of the Wickford Station of the Rhode Island 
Commission of Inland Fisheries, the writer has learned that out of 
many hundred female lobsters which he examined in the years 1902 
to 1905, the smallest lobster which bore eggs was 8{ inches long. 
There were very few lobsters under 9 inches long which were “in 
berry.”’ Thus we may conclude that the molting periods for males and 
females remain about the same until they are past the 9-inch length. 
Therefore we may believe that the entrance to the twenty-third stage, 
with the corresponding length of 247 mm. (9% inches), takes place just 
before (or at any rate very soon ajter) the lobster becomes five years old. 
According to statistics furnished by Mr. Barnes, there are few female 
lobsters which attain the 10-inch length that do not bear eggs; and 
thus in the case of the females the rate of growth from this time on must 
be much diminished. 

It is a well-known fact that the female lobsters extrude their eggs 
but once in two years, and that the green or unripe eggs are carried 
about for a period of 11 or 12 months before hatching. Although 
there are a few cases in which the female lobster is said to have 
molted just before spawning, the greater number of observations point 
to the fact that, in general, the molting period of the mature female 
lobster is limited to a longer or shorter period of time directly follow- 
ing the hatching of the eggs. Consequently, since spawning occurs 
but once in two years, the molting process can not occur oftener than 
this; and the rate of growth is correspondingly diminished. This 
fact is quite in accord with what we know of the cessation of growth 
that is observable in many marine forms just previous to the spawning 
period. After the extrusion of the eggs growth again commences and 
continues until the approach of the next spawning period. The male 
lobster, on the other hand, maintains the former rate of development ; 
so that, by the twenty-fourth stage, the average male has attained the 
length of 275 mm. (11 inches) and must be at least 6 years oj age; 


in the case of the jemale lobster which has borne eggs jrom the ninth 


188 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


stage, the 11-inch limit can not be reached before 8 years or more, the 
higher degree of probability being in favor of the larger estimate.* 


2. Lobsters over Eleven Inches in Length. 


This discrepancy in the relative rate of development of male and 
female lobsters makes itself more evident as a possible explanation 
of a phenomenon observable in the case of very large lobsters which 
have been caught from time to time in both European and American 
waters. In nearly all instances in which the sex has been observed, 
these “giant” lobsters have been males. Herrick makes note of this 
fact. Observations made by G. Browne Goode (’84), in 1880 on the 
length of lobsters in the region of Provincetown, Mass., revealed the 
fact that, while the largest male lobsters gave an average length of 
18 to 22 inches, the females measured only from 15 to 16 inches. All 
the “giant”’ lobsters from Rhode Island waters which have come 
within the writer’s observation have been of the male sex. From 
other localities also there are available numerous statistics to show 
that the largest lobsters caught have, with hardly an exception, been 
males. A list of these is presented on a later page. (Table No. 17.) 

It is indeed probable that, in these days when the lobster fisheries 
are being driven to the uttermost, there are few female lobsters which 
are able to escape the pots during the course of the many years that 
are necessary for the growth of the female lobster even to a length of 
16 inches. As Bumpus (’99) has observed, there are few chances for 
the continuance of the life of any lobsters over marketable size. This 
condition of affairs is doubly apparent when we note that of 479 
tagged lobsters liberated in the neighborhood of Woods Hole during 
the summer of 1898, 76 individuals, and probably more,t were 
recaptured within a period of 4 months, and that in single instances 


*We observe that Appell6f (’99) concludes that it requires 6 or 7 years for a lobster to reach 
sexual maturity (8+ inches) on the west coast of Norway, and that the number of molts which 
have been experienced to that time is 17 to19. Meek (’04), on the other hand, concludes that 
a lobster 9 to 10 inches long is 4 or 5 years old. 

+The facts that many tags were undoubtedly lost, either through accident or by the molting 
of the lobster, and that several fisherman failed to make any report of tagged lobsters which 
they had captured, make it extremely probable that more than the 76 lobsters bearing the tags 
fell into the hands of the lobster fisherman within the time scheduled. 
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even 20 to 30 per cent. of the liberated lobsters were recaught in less 
than 3 months.* When we seriously consider such facts as these, and 
realize that a female lobster which has had the rare good fortune to 
live to attain a length of 15 inches will produce on an average 7 times 
the number of eggs laid by a 9-inch lobster, it is a question whether 
State legislation should protect only the young and often sexually 
immature lobsters whose productivity is so much less than that of 
the older and larger individuals—individuals in whom life is cut short 
long before the period of maximum generative ability has been 
reached. It is not at all probable that the lobster problem will ever 
be solved by protecting the lobster in its earlier years alone; nor yet 
by protecting it only in its old age. Perhaps the time has come when 
there should be both a maximum and a minimum size limit between 
which lobsters may be taken. There seems to be no other method 
of legislation whereby it is possible to effectually combine the highest 
value of the lobster fisheries to man with the maximum advantage 
to the lobster itself. 


X. OBSERVATIONS ON “GriaAnt”’ LOBSTERS. 


Except the facts presented in the last section, concerning the very 


“oiant’”’ lobsters no accurate data regarding the rate of 


large or 
growth is at hand. We are at liberty to believe, however, that by 
the time a male lobster has attained a length of 10 inches, and per- 
chance earlier, it does not molt oftener than once in a year; and after 


the 15-inch limit not oftener than once in two years. 


This estimate of the frequency of molting is less than that accepted by 
most observers. Sars (’77) wrote concerning the European lobster, ‘‘The 
lobster changes its skin once a year as long as it grows; when it has ceased 
growing the changing does not occur so often.’’ It is reasonable to believe, 
however, that the frequency of the molting period for all lobsters does not 
differ greatly from the frequency of molting in the case of other aged macru- 


*In European waters it has been estimated, according to Ehrenbaum (’03), that of large 
number of lobsters liberated 40 per cent. were recaught within a period of 9 months; and that 
in 22 years 65 per cent. of them had again come into the pots of the lobster fishermen. 
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rans, such as many of the larger species of Palinurus. Among the latter we: 
find such instances as that of Palinurus Lalandit in whose deeply corrugated 
shell we observe the calcerous tubes of generations of tube dwelling worms. 
This is indicative of the fact that even in the more aged of these smaller 
macrurans the interval between the molting periods must be extremely long. 
Similar evidences are to be found in the examination of such forms as Locor- 
rhynchus crispatus of the Pacific coast, whose shell forms the dwelling place 
of a host of marine animals. 


It is needless to say that among the lobster fishermen themselves 
there are widely varying views on the subject of the age of lobsters. 
While some will maintain that a lobster attains a marketable size in 
two years, as many others will affirm, with equal sincerity, that at least 
a dozen years are necessary. The old records of the size of large 
lobsters are also exceedingly unreliable. As is the case with many 
marine forms, the few correct reports have become so modified by 
hearsay and generous repetition, and the few reliable observations 
have become so interwoven with early and uncertain tradition of 
monster lobsters, that our exact knowledge of “giant” lobsters is 
necessarily limited. We know that the European species is smaller 
than the American; yet according to Boeck (’69), Pontoppidans, the 
old Norwegian naturalist, records* a huge specimen from the Bay 
of Evien which was so large and fierce that nobody dared to attack it; 
and that betwéen the claws it measured at least afathom. Herrick 
repeats the tale of Olaus Magnus} regarding the lobsters that lived 
between the Orkneys and the Hebrides, so large that they could 
easily catch and squeeze in their claws strong swimmers. Such re- 
ports as these can be attributed only to superstitious belief which at 
all times has played havoc with reliable reports regarding the size 
and habits of many marine animals. 

A lobster as large as the individual represented in Plate XXXIV 
can not be less than 14 years old and is, in all probability, more. The 
profusion of marine fauna and flora always found attached to the 
shells of aged lobsters bears testimony to a life of inactivity and is 


? 


*'* Norges Naturlige Historie,’ Kopenhagen, 1753. 


j+Historia de Gentibus Septentrionalibus, Rome, 1555. 
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indicative of the fact that a great time must elapse between succes- 
sive molts. It is true that vast colonies of barnacles and hydroids 
and algze and tube-dwelling worms may be developed in a single sea- 
son, but it is not probable that the excessive growth of these forms, 
found on the shells of huge lobsters and other aged macrurans, can 
be interpreted as the result of a single season’s setting. 

One of the largest lobsters of which accurate data is available is 
spoken of by Herrick. Its length was somewhat over 20 inches and 
its weight 23 pounds. In December, 1905, a huge specimen was 
captured in a fishing trawl outside of the mussel ridges of Rockland, 
Maine. This lobster is said to have measured 224 inches and to have 
weighed 194 pounds. The fishermen who saw this lobster believed 
that it was at least 50 yearsold. This is, with little doubt, an over- 
estimate, though it is entirely probable that its age was in the neigh- 
borhood of 30 years. The largest lobsters from Rhode Island waters 
which have come within the writer’s personal observation were 184 
and 194 inches long and weighed 11? and 19 pounds, respectively. 
‘This would seem to indicate that a very slight difference in the length 
of these large lobsters may be accompanied by a great difference in 
the weight, although the greater number of recorded lobsters over 20 
inches long remain very close to a certain average weight. This fact 
is readily observed from most of the records which have been made 
of “giant”’ lobsters, as will be noted in Table No. 17. It is also ap- 
parent that, as Herrick has already suggested, the increase in the 
weight of the lobster is chiefly the result of gain in the size of the 
claws, while the body itself may experience but slight change in 
length. Ehrenbaum (’94) mentions the case of a lobster 42.2 em. 
(163 inches) long, which gained scarcely a millimeter in length at a 
molt. Other cases of a similar nature are reported. Though our 
data on this point are too meagre to warrant far-reaching conclusions. 
it is fair to Judge that the amount of increase for “giant ’’ lobsters is 
not over 4 per cent. at the most, and that the molting process does not 


occur oftener than once in several years. According to this estimate, 
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few of the lobsters mentioned in Table No. 17 can be less than 20 years. 
old, and the majority must be much older. 


Taste No. 17. 


Giving statistics concerning some oj the ‘“‘giant’’ lobsters of both European and 
American species. 


8 o Length of | Length of 
g Place Captured. Date. Length. Weight. (‘‘Crushing” | ‘‘ Nipping’”’ | Sex. 
3 | Claw. Claw. | 
| | 
1 |Salem, Mass.?...|1850 | 212 in. |20-22]bs |124 in. [123 in. | Male. 
2 [Europel. ....... res. | 19.4 in. |20-23 Ibs.13.1in. /12.4in. | Male. 
3 Coast of Norway”}1850-56, 18.73 in.|10 Ibs. 10.23 in. |10.03in. | Male. 
4 \Boothbay, Me.*../1856 | 20} in. |20-22 Ibs.124in. /13} in.* | Male. 
5 |Belfast, Me.*..../1891 | 20in. (23lbs. |13fin. |14im* | Male 
6 |Lubec, Me......./1892 | 20Zin. (20-22 Ibs.132in. (114in.* | Male. 
7 Provincetown, | | } 
Migeeeee (S94. | 20.21 ime eee ete el aes Male. 
8 i@riehaven, Me®,./1898 |25in. W25Ibs “je... 2... Neda ate Male. 
9 |Newport, R.1.*..|1898 | 19}in. 19]bs. /113in. 11} in Male. 
10 |Mohegan Island, | 
1 CSS ere a 1899 4A in. f°? bese feats caste cetlces sae eel eee . 
11 |Narragansett | 
Bayotote:. 2). 1903 | 184 in. 112 lbs. |93 in Bien) See Male. 
12 |Rockland, Me... .|1905 224 in. TOFD evel eens lea ee Male. 


* Measurement from tip of spine near proximal end. 


+ Total length including claws. The body length must have been about 24 inches. 


1This specimen is mentioned by Herrick, who also made an estimate of the weight. It is 
believed to be of the European species, and is now preserved in the Museum of the Academy 
of Natural Sciences of Philadelphia. 


2 Mentioned by Herrick, on the authority of Dr. Sounberg, of the University of Upsala. 
This specimen is now in the Bergen Museum. 


3 All mentioned by Herrick, in whose work on the American Lobster more detailed data 
in measurements may be secured. The Belfast lobster is now preserved in the Museum of 
Adelbert College, Cleveland, Ohio. The Provincetown lobster is now at the St. Nicholas 
Hotel, Boston, Mass. 


4This specimen was caught entangled in a fish trap near Newport, and is now in the pos- 
session of the R. I. Commission of Inland Fisheries. 


5'This is a case mentioned by Cobb (’99) on the authority of R. F. Crie & Sons, of Crie- 
haven, Maine. The specimen was caught in a hake trawl off Manticus Rock Light, Maine, in 
60 fathoms of water. 


6 This lobster was seen by Cobb, at Peak Island, Maine, in 1899. It was caught off Mohe- 
gan Island, and the fisherman was drawing it about the country in a car, and charging a 
small fee for inspection. 
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XI. Summary or Facts Tous Far CONSIDERED. 


In order to present in a clearer and more tangible form a summarized 
statement of the facts contained in the foregoing pages, the writer 
has made out the following table, which is based upon the observations 
already considered and, when they have been wanting, upon pure 
deduction. The very great variation in the size of lobsters, even of 
the same age and stage, renders it well-nigh impossible to tell off-hand, 
by any known means, the exact age of any adult lobster. On the 
other hand, the size of large numbers of individuals of a certain age 
must form a general average, on a basis of which, the age of a group 
of lobsters can be determined with a very fair degree of certainty. 
It is this average, together with the correlated age, which the writer 
attempts to formulate in the following table: 


25 
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XII. InFiuuENces WHICH DETERMINE THE RATE OF GROWTH. 


INHERITED PHYSIOLOGICAL CONDITION. 


Before leaving the subject it is not inappropriate to consider briefly 
the influences which may modify the rate of growth of the lobster 
under both artificial and natural conditions. Among these we may 
expect to find such factors as temperature, light, jood supply, parasites, 
injuries, and certain individual or group peculiarities which, as is the 
case with so many other forms, must be attributed to inherited physio- 
logical conditions; for there are breeds of large and small lobsters just 
as truly as there are varieties of large and undersized individuals of 
the human race. These differences may be observed even in the egg, 
and can be traced through successive stages in which the characteris- 
tics in question are manifested either by producing large or small, 
regular or malformed, individuals.* 

Provided that the food supply is adequate, it 7s probable that water 
temperature is the influence which most modifies the rate of growth of 
young lobsters under both natural and artificial conditions. This influence 
may produce a difference in the rate of growth, not only of small groups 
of lobsters at different times in the same season and in the same lo- 
eality, but also of larger groups of lobsters in different localities where 
they are subjected to still greater differences in the prevailing water 
temperatures. The results of individual or group physiological con- 
stitution are no doubt partly due to hereditary causes, and are mani- 
fested in the difference in size and condition of lobsters when all other 
factors are equal. These results may, however, often be obscured 
by the influence of temperature, food, or, in the case of artificially 
reared lobsters, by other subtle influences, such as light or physical 
environment, etc. These facts are demonstrated by a comparison 
of Tables Nos. 25 and 26. That one of these groups of lobsters (Table 


*Although we know that there is a great variation in the normal size of the mature egg, 
there still remains a question to be answered as to whether the prevailing temperature of the 
water shortly previous to the time of hatching may not exert an important influence in deter- 
mining the size and condition of young lobsters directly after hatching. 
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No. 26) was made up of selected individuals enabled it to gain at once 
an advantage which was never again lost. On the other hand, many 
instances have fallen beneath the observation of the writer in which 
the majority of young larva, hatching from the eggs of certain lobsters, 
were peculiarly deformed, usually with respect to the thoracic ap- 
pendages. 

Among such lobsters are found great mortalities at the critical 
molting periods, and although the writer was successful in raising a 
few such individuals into the later stages, each successive molt was 
accompanied by greater discomfiture until most of the specimens 
died in later molting periods. Those that lived always remained 
weak and undersized. There were, however, many lobsters which, 
without showing any signs of malformation, were naturally small and 
stunted, and whose rate of growth was extremely slow throughout 
all stages upon which observations were made. This was true, 
moreover, not alone*at times when the water temperature was low, 
but even when all conditions seemed most favorable to a full and 
rapid development. Leaving, for the time being, further considera- 
tion of the influences of injury and food supply, it is our intention 
to proceed directly to a brief discussion of the influence of temperature 
and light upon the rate of development of the young lobster. 


XIII. Tse INFLUENCE OF TEMPERATURE. 


It may be said that the rate of development of the lobster from 
the beginning of embryonic life through the early adolescent stages 
is, provided the food supply be adequate, more fully determined by 
the prevailing temperature of the water than by any other one factor. 
It has been shown again and again that the eggs which mature during 
the colder part of the season and in cooler waters give rise to in- 
dividuals which are distinctly undersized, and whose growth is corre- 
spondingly slow throughout the remainder of the season. As Mead 
(702) has already clearly shown, the influence of the temperature is 
most effective upon lobsters in the larval stages. In this regard the 
following table is self-explanatory. 
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TasLe No. 19. 


Showing the effect of variation of temperature upon the rate of development of 
lobster fry of the first three stages at Wickford, R. I. 


Experiment. DuRATION OF THE First THREE STAGES. hee 
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The following table, compiled from data furnished by my friend 
V. E. Emmel, demonstrates readily the difference in the rates of 
growth of two groups of lobsters in the fourth stage at different 
periods of the summer. It is readily observed that the period of 
least rapid growth is contemporary with the time of lowest water 
temperature. 


TasBLE No. 20. 


Showing the differences in the rate of development of two groups of fourth stage 
lobsters under different conditions of water temperature. 
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We would, in this connection, call attention to the very much less 
rapid development of lobsters in these same stages at the hatchery 
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of the United States Fish Commission at Woods Hole, due to the 
much lower temperature of the water prevailing in the latter region. 
This fact is shown by the following table: 


TaBLE No. 21. 


Showing the ejject of temperature upon the rate of development of lobsters in 
the first three stages at Woods Hole. 


' 


Experiment. DURATION OF THE First THREE STAGES. Teatro 
Thee outs ae a Del Cy Pete P Ss 5) kd d/a's, ole Gide sveia je spate ele 60.0° F. 
AS ee ARES Oho Pall TE TSs.¢ Lc A er a 
eee creics ss eeehee PAS) WONT S. ace Stier RE Or eae 60.0° F. 
AMEE sree. Sede Fags (SENG coc ae oe ee 59.8° F. 


Dannevig (’01) has found also, in his experience with the European 
lobster, that alterations in the temperature of the water make great 
differences in the frequency of the molting periods. From him we 
translate the following to demonstrate the influences of water tem- 
perature upon the rapidity of the first two molting processes during 
a period of 9 days: 


Water at 8-10° C., no molts. 

Water at 12° C., one molt completed. 
Water at 14° C., second molt begun. 

Water at 16-22° C., second molt completed. 


The following table demonstrates the difference in the rate of 
growth of lobsters at different points on the Atlantic seaboard: 


200 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


ABER WNI@s 22. 


Showing the effect of different prevailing temperatures at various 
points on the Atlantic coast. 


eee Ww i Time Required for 
Locality ; Temperature of Water iret Three” Stasos: 


Orrs Islands Me? oer es: 57°-63° F. 25-26 days. 
Woods Hole, Mass.......... 63°-65° F. 22-25 days. 
Wiaicktordyaie Wrcem va aetec .c\5 « 65° F. 16 days. 
Wicktondiaelncne scvs ct 3 « 42°F : 9 days. 
Ammuscniann,. ERoe = sens, oe 22s: (62°K3 10 days. 


* Gorham (’03). 


The temperature has a marked effect, not only upon the frequency 
of molting, but also upon the relative increase in size per molt. This 
result is reached, no doubt, by the stimulation or lack of stimulation 
of the general metabolic processes which seem to be checked by an 
unfavorably low temperature, as is the case during the cold winter 
months. A better conception of the outcome of these circumstances 
may be obtained by observing the data presented in Table No. 6, 
although all the facts which have been recorded to demonstrate the 
difference in size (stage for stage) of the Woods Hole and the Wick- 
ford lobsters have an important bearing in this connection. It is, 
moreover, often noticeable that one stage-period in the early develop- 
ment of the lobster may be briefer, instead of longer, than the stage- 
period preceding. This has usually been observed in connection with 
the fourth and fifth stage-periods. No reason has previously been 
given to account for this phenomenon. In these particular instances, 
however, it is clear that the unusually brief stage-periods are coinci- 
dent with the period of maximum water temperature. For illus- 
tration attention may be directed to Tables Nos. 5, 6, and 25. Here 
it is seen that, though the fifth stage-period for the normal 1904 
lobsters is 9.5 days, the fourth stage-period is 12 days. Records show 
that the highest prevailing temperature for the summer of that year 
occurred between July 11th and 23rd, which was the time when the 
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majority of lobsters were passing through the fifth stage. We further 
notice in this regard that, while the average amount of increase for the 
fourth stage lobsters was 15 per cent., the gain in length for the fifth 
stage individuals was 20 per cent.; which again goes to show that the 
highest percentage of increase per molt may be coupled with the 


briefest stage-periods. 


XIV. REGARDING THE PROBABLE DIFFERENCE IN AGE OF Woops 
HoLE AND WICKFORD LOBSTERS AT MATURITY. 


It is very probable that the lobsters in the region of Narragansett 
Bay, and other waters of a correspondingly high temperature, attain 
a marketable size somewhat sooner than along the coasts of Massa- 
chusetts or Maine (the so-called “home of the lobster’). Facts 
which would seem to warrant such a view may be obtained by ex- 
amining the tables showing the rate of growth of Herrick’s Woods 
Hole lobsters and by inferences which can be drawn from Table No. 
22. In Herricks Woods Hole lobsters (stages 1 to 10)the average 
amount of increase per stage was approximately 14 per cent. We 
already know that, as a rule, the average percentage of gain in length, 
per stage, is never, in the later life of the lobster, greater than in the 
first 10 stages; and that on the other hand, there is, after the eigh- 
teenth stage, a gradual diminution in the rate of increase.* 

If we conclude, as Herrick does, that 15.3 per cent. represents ac- 
curately the average amount of increase per stage for lobsters under 
natural conditions at Woods Hole, and if we assume that the facts 
stated in Table No. 18 regarding the frequency of molting are accurate, 
then we are forced to the conclusion that the average Woods Hole 


*It might be inferred that the percentage of increase in length of the older Woods Hole 
lobsters would, as in the case of the early stages, be diminished as a result of the low temperature. 
It is most probable, however, that the rate of growth of lobsters beyond the eighteenth stage 
undergoes no great modification from the effect of water temperature. This influence is most 
effective in the summer months and for lobsters whose stage periods is relatively brief. Since 
we believe, as already stated, that groups of middle-aged lobsters in regions of different pre- 
vailing water temperatures correspond rather closely with one another as regards both the 
number and the periods of molting, and also as regards the increase in size at each molt, we may 
still interpret the time of successive molts of Woods Hole lobsters of later stages in the light of 
the estimates presented in Table No. 18. 

26 
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or Maine lobster of the male sex which has attained the length of 11 
inches, is in the neighborhood of 8 years old, and that the female lob- 
ster of this size is perhaps 11 or 12 years old. 

If, however, we still accept 15.3 per cent. as the actual rate of in- 
crease in length for the earlier stages alone (as Herrick does), and, 
on the other hand (assuming that 28 mm. (1} inches) as ascertained 
by Herrick, represents about the average size of the tenth stage 
Woods Hole lobsters), make allowance for the diminution which we 
know takes place in the rate of increase beyond the eighteenth stage, 
we arrive at the somewhat absurd conclusion that the Woods Hole 
lobsters of the male sex and 11 inches in length can be no less than 
15 or 16 years old! .Very apparently there is some flaw in our reason- 
ing. Either Herrick started his experiments with undersized eggs 
(very improbable), or the normal rate of growth for Woods Hole 
lobsters, under natural conditions, is for some reason far greater than 
that deduced by Herrick from the study of his young lobsters con- 
fined in glass Jars (very probable), or we have not correctly estimated 
the number of molts which (up to the twenty-sixth stage) occur 
within the length of time specified in Table No. 18 (improbable). 
There can be little doubt that the discrepancy lies in the second of 
the above mentioned hypotheses, namely, that 15.3 per cent. does not 
accurately represent the average rate of increase in length for lobsters 
in the first 18 stages, under natural conditions at Woods Hole; fur- 
thermore, that certainly 15.3 per cent. is an overestimate of the 
average rate of increase for lobsters past the eighteenth stage, in 
whatever locality they may be. The fact may here be emphasized 
that the most accurate possible data on the rate of growth of the 
lobster for the first 12 or 14 stages is absolutely necessary for any correct 
estimate of the size and age of adult lobsters; for it is upon these first 
stages, so quickly passed, that-the influences of which we have been 
speaking have their greatest, perhaps their only, effect. Such data 
we now, for the first time, have in hand, and, as we have already 
shown, the rate of increase for Wickford lobsters in these earlier 


stages amounts to 18.4 per cent. 
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In view of the fact that there are no such data at hand to show 
the rate of growth of lobsters under natural conditions of environ- 
ment at Woods Hole, we are unable to determine the actual percent- 
age of increase for the average lobster in Massachusetts waters. The 
longer duration of the stage-periods in Woods Hole lobsters, however, 
would almost preclude the possibility of the amount of increase under 
natural conditions attaining 18.4 per cent. per stage, as at Wickford, 
for it appears to be a general rule that the longer the stage-period the 
less will be the percentage of increase at the molt. We are thus led to 
the conclusion that the average male lobster of the Massachusetts or the 
Maine coast does not attain the 11-inch length bejore he is 7 years of 
age; and that the female lobster oj this length is at least 9 years old; 
while, as we have seen, the Wickjord lobster of the same size, if a male, 
is but 6 years old, and the female is not less than 8.* 

According to the foregoing view it might be inferred that lobsters 
would be more plentiful or larger at the present time in Rhode Island 
waters than in regions where the prevailing temperature is lower. 
And indeed this view would appear reasonable, did we not take into 
consideration, first, the great difference in the character of the coast 
in the case of Narragansett Bay shores and those of Maine; and 
secondly, the factor of lobster fishing, which is developed to a pro- 
portionately greater extent along the southern New England coast. 
The coast of Maine is more favorable to the carrying on of a great 
lobster fishery, not only because its rocky character provides greater 
protection for lobsters in the early stages, but also because its great 
extent furnishes a relatively wider field for the industry. The coast 
of southern New England, on the other hand, is generally charac- 
terized by sandy or pebbly beaches sloping gradually into the deeper 
water. Here also the shore line is more regular, not being frequently 


indented with the many inlets so characteristic of the northern 


*In this regard it may be appropriate to say that it is not at all to be doubted that, under 
proper artificial conditions, wherein the food supply is adequate and the temperature at a maxi- 
mum throughout the year, the rate of growth of the lobster might be so hastened that the 
marketable size (9 inches in Rhode Island) could be attained in a period of four years and per- 
haps less. 
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shores. To these differences is to be attributed the greater depletion 
of lobsters observable in the southern New England fishing grounds. 
In consideration of these facts it is not difficult to see the need of such 
means of artificial propagation as has been instituted and carried on 
so successfully by Dr. A. D. Mead of the Rhode Island Commission 


of Inland Fisheries. 
XV. THe INFLUENCE OF LicHT. 


Another point which must be touched upon is the influence of light 
upon the rapidity of development. The lobster is naturally a noc- 
turnal animal, or at least he is an individual whose habits of life 
seldom lead him out of the twilight or darkness of his natural haunts. 
In captivity, at least, it appears that he is most active after dark. 
He naturally dwells in the cracks and crevices of the most rocky 
shores, seldom venturing forth except in search of food, which, when 
found nearby, will be dragged back into the retreat and there de- 
voured. The stronger the light, the more cautious and seclusive 
becomes the lobster; and we have observed many cases of adolescent 
lobsters which would not, though in an apparently famished con- 
dition, take a morsel of clam while in the bright sunlight. That a 
strong light must exercise a disagreeable effect upon them is evinced 
(in all stages after the fourth) by their efforts to retreat from its rays. 
During exposure they wander nervously about their cars until they 
find a dark spot, when they at once cease their activity and remain 
quiet so long as undisturbed.* The presence of a stimulus which is 
able to produce such definite reactions as does light can not fail to 
be of decided advantage or disadvantage to the animal concerned. 
In consideration of these facts, believing that the intense midday 
light of midsummer must be disadvantageous to the young lobsters, 


covers were provided for all the cars in which experiments were being 


*This subject of light influence upon the young lobsters has been treated more fully in 
special article, ‘‘Observations upon Some Influences of Light on the Larval and Early Adoles- 
cent Stages of the American Lobster,” which will be found later on in this report, page 230, 
Hadley (’06); and also in an article in Science, Hadley (’05). 
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conducted, thus producing in each compartment the effect of twi- 
light. There are no very definite data to show that this condition 
did actually create an advantageous influence upon the growth of 
the young lobsters. It is a noteworthy fact, however, that in the 
case of other lobsters from the same source, but which were confined 
in wire cages without covers, the stage-periods were, as a rule, longer 
and the percentage of increase correspondingly less. The results that 
have been obtained, though too few to warrant definite conclusions, 


are stated in the following tables: 


TABLE No. 23. 


Showing the effect of sunlight upon the duration of the stage-period of 
fourth stage lobsters. 


In SUNLIGHT. In Twiicur. 

Date of Molt to| Date of Molt to Stage- Date of Molt to | Date of Molt to Stage- 
4th Stage. | 5th Stage. Period. 4th Stage. | 5th Stage. Period. 
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TABLE No. 24. 


*Showing the ejject of sunlight upon the percentage of increase in 
g g P } v] 
size of fourth stage lobsters. 


In SUNLIGHT. In Twiuicut.’ 
Fourth Stage. | Fifth Stage. Gain percent. Fourth Stage. Fifth Stage. (Gain per cent. 
| 
14.5 mm. | lOmin: We2 14. 2mm. | 15.7 mm 11.3 
15.0 mm. — 16.8 mm. | 12.0 15.5 mm. | 17.5 mm. 12.9 
14.3 mm. 16.5 mm. | 16.0 | 24> mom) 7 <a: 20.6 
14.7 mm. eomm | 15.6 14.0 mm. | 17.5 mm. 25.0 
15.5 mm. ivi. Gyiciteny, ) 12.9 | 14 Oonme ) d726inmm, Zoe 
15.2 mm. | Aly. 2A aaa, 16354 14.5 mm. | 17.0 mm. 2 
iPS oat eee ee | es all AR Born eGo mae 15.3 
ASVCrAP eM Muleen ame a... 14.4 IAEA GE Wes pe aon ie ater 18.2 


*All lobsters recorded passed from the third to the fourth stage on the same day, June 23, 
and were thus subjected to the same degree of water temperature whose variation, as we know, 
is able to make a great difference in the duration of the stage-period, as also in the amount of 
increase in size. Food conditions were also identical in the case of each group. 


In this regard attention may be directed once more to Table No. 
7. Here it is evident, when we note also the results given in Table 
No. 5, that the stage-periods of Emmel’s normal 1905 lobsters are 
longer than the average; also that the percentage of increase in length 
is generally less. It is certainly worthy of notice that these lobsters, 
during the early stages, were confined in wire cages (Plate XL), 
and that the covering which was placed over them was insufficient 
to exclude all of the hight; at least they were by no means as well 
protected as the young lobsters confined in the wooden compartment 
cars in which, as will be noted from Table No. 5, the duration of the 
stage-periods was less (1904 and 1905 group). 

Not only may the influence of light act directly upon the metabolic 
activity, and thus upon the rate of development, but also indirectly 
by favoring the growth of various parasites on the body and ap- 
pendages. This subject will be considered more appropriately in 
the following discussion. 
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XVI. THE INFLUENCE OF PARASITES. 


One other factor which is able, not only to modify the rate of 
growth of Homarus in the early stages, but even in some cases to 
cause a tremendous mortality, is the growth of diatoms, alge, and 
protozoa. This is particularly true in the earlier stages, and of 
lobsters raised under artificial conditions. It is probable that this 
pest is of little harm to young lobsters under natural conditions of 
environment. The lobsters so attacked are designated as ‘“‘fuzzy”’ 
lobsters, for their appearance is characterized by a heavy fringe of 
growth on all parts of the body, impeding their activities in both 
swimming and feeding; and, unless the molting period comes quickly 
enough, ultimately causing the death of the young lobsters. 

Although the question is so often one of life or death to the lobsters 
attacked, the condition described has a marked effect upon the rate 
of development of those which do not succumb. The molting periods 
are delayed and the amount of increase in length for these lobsters 
is correspondingly small. This diminution in the rate of growth is 
probably, in this case, directly dependent upon the question of ade- 
quate food supply, the possibility of which is so often cut off by 
the excessive growth of protozoa, diatoms, and alge. This growth 
is, in turn, partially dependent upon the conditions of light which 
surround the individuals. At the Wickford Hatchery it was dis- 
tinctly observable that, of three groups of lobsters which were placed 
in dark cars, wire cylinders, and a shallow open box, respectively, the 
most profuse growth of diatoms and protozoa was upon those which 
were kept in the brightest light, while those confined in the dark 
were quite free.* 


In the former case, the rate of growth was very slow, and though a 


*Regarding the influence of light upon the abundance of growths on the lobsters, William- 
son (’04) mentions an interesting fact. In each of two large concrete tanks were placed two 
female lobsters. In one tank a board shelf afforded protection from the sun so that only the 
antennz of the lobsters were exposed to its rays. In the other tank there was no protection 
from the sun whatsoever. In the first case, after the summer season, the lobsters themselves 
were free from growth of all sorts, but the antenne were covered. The bodies and appendages 
of the lobsters which were confined in the exposed tank were, however, quite hidden by the pro- 
lifie growth of seaweeds, Lammaria sp., young mussels, etc. 
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great majority of the individuals ultimately died, those that survived 
were much undersized. It is probable that half-shading is of little 
value in preventing the growth of these forms. In the interests of 
artificial propagation of marine crustaceans it would be highly de- 
sirable to determine more carefully the influence of light.* 


XVII. THe INFLUENCE OF Foop SupPrpLty AND INJURIES. 


Although it has been demonstrated that lobsters which have been 
starved for a long time are materially smaller than the normals, it is 
not probable that conditions of food supply have much influence in 
producing differences in the rate of growth of lobsters under natural 
conditions of environment in different regions of the coast. In con- 
sideration of this problem the only question that might be raised is, 
Do lobsters which live in the neighborhood of large cities or settle- 
ments, where sewer outlets, refuse from fish factories, etc., are com- 
mon, gain any advantage from the increased opportunity for food 
supply? A negative answer must be given, for the truth is that the 
lobsters seem generally to shun those portions of the coast where 
fresh water or sewage, or pollution of any sort,enters. Outside of 
these areas the distribution of food is so uniform that the question 
of its obtainment can have little or nothing to do with the differences 
in rate of growth of lobsters in different localities. 

The question of the effect of injury upon the rate of growth has 
been already briefly considered in the earlier pages of this report. 
For fuller details on this subject, however, reference may be made to 
Emmel’s (705) recent publication dealing with the regeneration of 
lost parts in the lobster, and its relation to the molting process. It is 


*It has been determined by Gorham (’03) that, among the diatoms which infest the young 
lobsters, the most common are Licmophora tincta Grunow, Diatoma hyalinum (Kiitzing) Grunow, 
and Rhabdonema arcuatum (Lygnby) Kiitzing. The first of these attacks the eggs and is most 
abundant in the larval stages. A certain green alga is also common. Of the protozoans the 
stalked Ephelota coronata is the most abundant both at Woods Hole and Wickford. At the 
latter station it has often been in greater abundance than the diatoms. Gorham has also iso- 
lated a fungus, supposed to be one of the Hyphomycetace whose life history is not yet known. 
This fungus, growing inside the body, caused considerable mortality among the young lobsters 
at Woods Hole. Williamson (’04) reports a disease which, it would appear from his description, 
may be of a similar nature. 
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sufficient for us to state here that the conditions which favor the 
chance of mutilation in the lobster are, like the conditions of food 
supply, evenly distributed in all localities and can have no influence 
in causing variations in the rate of growth of groups of lobsters in 
different places, although in single instances their effect in retarding 
the rate of growth may be great. 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


210 


‘pamnoes pi0vel ON=N § 


ial! 
9T 


*poted 


a5B49 


0°08 |°° "8s “sny 
Ose | 'F “4deg 
Oni Gealeenpeces 
0°26 'N 

L be 6g “SNW 
0°08 "Gg -4deg 
oss |°° 61 ‘sny 
ae Zz “3dag 
Peo SNe eey mers ths 
oss |°° "0g “sny 
0°&z IZ “sny 
Pane NI 

Seas °N 

ORTEES |leentgn anny 
OME | ana ony 
oe | auane 


‘poled 


asRyg 


¢' St “OT ‘sny 
0°22 "N 
0°62 1g ‘sny 
0°Ss “21 ‘any 
Gace "61 ‘sny 
OnG can eee 
1°Sz “N | 
0°9% p ‘“sny/| 
0° 6% LT “sny 
Sopot g ‘any 
18% “21 “sny]| 
0°SS L ‘any 
eRe 97 Sy 
0°z “OT any] 
LSS “eT ‘any 
“SULyOW 
Sats jo 93eq 


“HDVLS HLg 


“ADVEG HLL 


pt | get |s-'e canyl| oor le “te 4mell tp le ‘or Ane 
seta See ard acer monres aa ll eeraeene ver |-er smell pr ger [op Amp 
ried gers a 6c Aine|] Tt | 19 |°° ST Atmel] F7 SPL |p Ame 
tS o° 0 Fo Arne] 6 Fe eS e Feel ye Grr |e Amie 
le | eee 6 ‘sny|| 91T | O'ZT Ch UME iG APSE ee “OL Arne 
ee 0°61 "N 8 0°21 “CT Aqng)| 11 OLE | aaron 
ot -| 0-61 e -mnyll gp [oo ‘eg Amel| gt foc “oT Amp 
18) uel 9 ‘sny|| sf | G°ZT “eo Ame|| ZT Orla clean 
§S | Oe |° 9% Ame|| OT | O'9T | -9T Amel] ST Pts eo AN ral 
Cie Oe Gre 4OGe TC Oe Gaol ale 0 ang IT LPT “63 eune 
eel cue ae Eee to aoa etl nee o'ST ane) g LPL |" gg oung 
Shona y ‘sny]| ST | PZT iG qe} (Ce | atic es ‘p Arne 
6 Gog |" "se Aine|| 6 6°91 “OT Aye) GT CPL | ey Ale 
On |e eees ero OT OP 20 &o Ane!) (81) 2 FT |e «(Ae 
Le seein “2% AtDE)| OT | 2ST “LT Amel) st 6S | "y Ame 
et | 9°02 ie esha iar ooo oom "eo Ayne|| 31 Sete ss On Aime 
Cle ROROl € ‘any|| .€1f | 0°ST 6S Arne) BT Get |° "Or Aine 
Sipe “66 Ane 6 O°'LT "06 Ame Or OFT | ‘or Ame 
eee ee toe ea | ae a 
Cesena) ee |eaeed|. ang | Ue | Rass | ong’ | oe 
“ADVIL HLO eee HIG ‘aDVLG HLp 


61 
8T 
LT 
9T 
ST 
lal 
&1 
ai 
7a 
Or 


SARIN A pee ae oF 0 


‘(G06T AO NOSVAS) ‘SUALSAOT CALOATUS TVNUON AO GOIWAd ONILION GNV AZIS NO VLYG—'9Z ‘ON a14avL, 


211 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


e1G2 NI aaa tata letersxm@ll ter pent ¢ Atmel! zt get |<**ez eungll ge 
ee sauce tases vifecsreenseeleceeresfeceeres[esseecereeieceuee] gegr |essge Amell er | peat ‘et Amel| 11 Let |e smell ze 
LT OEE ‘0s Aine)| 11 Go | "61 Amel] 6 Sri OR SMG egos OZ Tien ears ee (eer 0'ST ‘N 98 
G1 0'1€ 1G ae SUIS ORLA Eee yesh edi fehl, OC 92 Ame|| OT | 8'9I “Or Alng|| ot 0°ST F Ajne|| ce 
ee G'0g | ‘Fe “sny|| ET Seto |hgos a Te Dene UNG) | at eetT oom fisece coal eat Soma TED | eT | tat “OT Aine}| at be coer eas ee TY is 25 
Ree he Snes [acai ices Cates Pe lym Sor Sa | [oe ae ee | 
Git ii ok 0°08 ede any) 8I | Ore | F “snyi) St |) 20 €z 4me}| OL | O21 “et Aqme}| 11 MO PSEEN ESS INIT 4S 
€1 0°SE Beira) any| 91 | G° ce ‘66 Aine)! OT 6°02 |°°"6T Alne]| oT | O°L1 fo AN ISTH Il a(a)ite = SEC SOO "7 "¢g ounce]! TE 
iat o0g |°°°¢ “any]| TI | 0° FG ‘1% Aine|| 6 O0g |e Sr Ames S91 SINGS sil pees ote a sare "N 08 
eee tap aioe lsat ae acid Ntccua scone Roce in cme ect eees l| (eee o-ze |:°°s Ainell sr | cat “pz ounel] g@ [roo -+-eq oun! @z 
1 0°8z b ‘sny|| IT 0° ‘Pe Ang|| 6 0°6T | "St Ame}! oT | Oo) ON ANG esl PB INOR © “* "Eg aunt}! gz 
€1 O'1g Z ‘sny|| zt | 0°92 1 Ayne)| 6 O:ox |r en Amel) 6 | -oT | Ample ee “N 1% 
£1 CAP AS Ip SSH Reel AN a | 08% NES = stereo SelGel 96) SINCl ents legen “et Angel) 11 € yl | -h Amel! 9c 
aes ae eal lgciten ee oes |[or seer efeeeeees Foote, cache | caoerS| Mlars. aaa eee aero Gl eee are 8°91 11 Atngll 6 eI z Amell oz 
I Secale cOleesmiyi| | ercie 0° 8% G “sny|| IL | O'1e | ‘Te Amel] g 0°81 “er Alne|| 6 O91 | "y Angel) 
Bae ‘ Morera vals tees sav she leek tes raellie cay eal hea ewalsrele ewan elliot nl mapa (eotaen amielll Ip; 1ST » Aqnel| ez 
Ea steco SF eho rata laymen ate | cee RceRC cr cla Veter restock ll rau nea ener chelliecesees camecors alba eee OFT ‘eg oung|| ot |---:-°-|-:-er oungl| zz 
€ 0°96 Fey SENSIS IH OG Os 0°0z Nie lees en Oey Pe Staal Fete | OSYATE Peers ave fst GPL | "OT Alngl| 12 
Ree chal rans cena earch recat keratotomy Seadehactl oe wpeieiac verre efesetec[ereeereree|ieeesesl gap |e --gr amell gr OorT 7 Amel oe 
Geers | oS Gocoveee || Saung!| oes | joreiech |/Soung| ome | jocsieet [Gaing!| ems BEN | BuuRt] ons | OMI | Z 
‘ADVLG HLS ‘ADVLG HLL ‘aDVLG HLO “AD VLG HLG ‘GDVLY HLP au 


‘penuryu0y— (GO6I AO 
NOSVAS) ‘SUALSHOT GULOWIAS IVNHON JO GOIUAd DNIVION GNV AZIS NO VLVG—9z2 ‘ON a1avy, 


OF INLAND FISHERIES. 


REPORT OF COMMISSIONERS 


212 


‘rayjoue Aq poIngysqns pue pel[ey{ 10 perp 19ysqoq=-g 


TST €'1g | esereay|| GET | 9° FS | “esBroAW]| TST | GOS |" “OSBIEAY!| TIT | O'LT asBIOAV|/ LIL | PPT |** esBr0ay 
*sABp wut ee ‘sABp | ‘UIE ‘skep wut “sABp | “UIUI ‘sABp | “UIUL 
Sf SR, ele» ESR ee a he aE || |sns e Py eer | O Ay el RO en cya eo cael se 
RPP TA reece (Pyne inc agter ede ees hall lShee cg tacecasbelll cares orog [tte] er or 9 smell et err |-°*e¢ eunc|| g¢ 
Mere ere ee eeices Peace nacelle ek nllau cae vlieee ey sacs all eater es zee et Amell pt | oczt ¢ xqnell gt get | "eg eungl|| ze 
Rene ere ceils nue crete rasencdmcee 0°9z ez Aingll et | oct ar Aqnel{s<*°*] ost N Sativa tec: || Rete N re 
ree TO (een erento eal ea eet allt te tevcnc dal tn nate cates lle Caryn sce lhn eae leone ys cian ates cle O°LT g Amel) gt [toccc |e eg eumgl] og 
eal ence aca eee oer eval eta | ea cacaat pc ellke cir untllta rrerttal|ccvegas-cvecare alle, exec cane 9°21 9 «mell et O'st |°°*eg aung|| 6F 
Ton oo 0 ORE “67 ‘Sny €1 0°6z 91 gny|| FT 0°*% Fo Untghyy|| oo og He aden: N Soro iach Oyo) | Cone nto Gen N | SF 
T 0° 6% GT ‘sny|| FT 0° FS [T “sny|} ZI | 0°02 og Amme}|- GLI Noa ele = OF | Saez aun LP 
Meee trl (rs ss al| oo cis Fa el ieee col aaa rancid [eecerete, caeacalieds sa2i| io eveueral ies ememtononeaemerel| Preaecrinr et PLT er <mnel| 11 ost. |:--e Amel op 
ae PSE LY (3N¥|| ZT 0°26 g any)! TL | 6 ae gq Ame); OL | S°ZT a1 Ang|| 11 OFT oe ae ae 
FI $58 vT “SNy)| €T G' 9% IT ‘sny|/ €— | O'¢e | 61 Amr] et | S°ZT 9 Ane] §1 cpr |** ee eung|| $F 
1 G’sé GT “sny|| FT 0°9% T ‘sny|| cr | O'1Z |°' "0% Amel] 8 O'LT GI Aqne|| OT € FI & Alne)| eb 
sone doll @o-dend deal aerate | eee eRe og smell ir | ete [cot Amell | gczt N Beas (o6 Soins. N ap 
9% G8 GG SNY|| GT L8G PLEA (Me ae 0°0 "N Ss Cee Wee scale gual! fsye Pee oe "6g oun|| TP 
SI 0°GE €@ Ame}! FT 0° FG 6 Amp) ‘s SOs Ie Ge 28a ine ewes “" "6G ouNp}} OFT "N OF 
Eee te eeeceemncra hoster a levers, tasten parsers ellisa ices = stiller wars poz (2 Amel] or | got. [eee oungl|ss fe N 6e 
Beet | ome | Ge owee || Eke | coms | HON | Bauee| ons | So eee [Sebago | Googe |) Sana] “ems | Josieey || 
ares Sioa z 
‘ADVLG HLS ‘ADVLG HLL ‘ADVLG HLG GSVLQ HLG ‘ADVI HP I 


‘ponunu0)— (GO6L AO 


NOSVHS) ‘SUALSGOT GHLOATUS TVNHON HO GOIMHd ONILIOW ANV HZIS NO VLVA—96 ON ATav 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


Mis (Cuckiptin th litter ien © ael| fe. halietatin tamale. te 0 STII ICICI CCRC TCC ICIC ION ICRC ICC IOI [CCC aC || ICICI rg te oT yey ce ale FI 3deg 
| | 

Perr tae |Fodfe: a igieine ll ag ONG atTod Aine iach || REM eT all Gale aay | Lesa NE CaP 3 MBASE |? gases 2 YO ERRES +e SOC! SOO) areca | CCC me Soc “91 4dag 

PS Arllibcr ere Os | Gainer GieeenOecnc ||| (eackeoo vowo |icecmaeecniy| IRR RMR cern tr | ete carartis Pose ecco essere en eileee se efor sec eee tere rece ater sera! Qua ap akarteanta atace 
| | 

sathiF rer Ce, tea ORC noeoee, | ious cpoue MOHD ERENCE (CC CCC | eC (CCC | (CCRC) IZ “20 Pe Ge “21 -4dog 

potibenevei ah | leacentor weno) |IoeacarICeCPoRnC eo Maree eta ate aa st soc BCC | CCCI PPC CICS | [PICONET | ORCNCIORCICICN I oN 7 ‘OT “290 
| 

Wietere) a) ieee shee veel lun nets). ale caus HV: CRO a 03 Nort Ptr cil WOech Leta (83 ba) winwirh eg istivinburs se lel! © wren phere: bude p ape a ry ats One 4 LO (Z&) ZIP 1S dag 

10420) 6|| 000 ppb] /Oc pipe cro ts Puce dass ol Bigncheeenc | Wee ho en ate ett |e AeA Oies| eto ers leneect cy ci ecaere met NCbec ea mpiraar zOF ydog||": 56°: 0'8e “+97 -gny 

WUAa Geese ela) Geeelia se) wine elise cue @)|i|ua vel él-ef~ oe) |\o 0 6) ele: @ wi] €. 6 6) ee 08 colele ills cee 0 ce) [ie Oye 8 “he 8 | ar ig oS “orw @ 8)@ SiiiNa 6 e: 6)8 0, 0°0¢ 8 my @) 0% (0) IP SI dag 

Cnctcy Ory a.6)| oPceEd Peo Rex esc ORCS iC Marana take hal tes scar avail asehert scx sl op Mehl ae sues ve 0° &F “87 490 1 0:98 IZ ‘adag]|*- 0° -: ole G ‘ydeg 
| 

Shadi bup cena, feetenaree) || olden eac esnet Se ||[ Po ecorcueee | levolciamamarot linha Gacy ogce cilities 1|||eeewor oittecn| Ureaieac cc lhtePca es fatter cst (cmon ch eee. (lege ioc peg|| ecient» Ceo cnosOsn || ciao 0° IF NI 

easyer a) efiefl| in a oak SO Eyl |e we cel ehey ele) vy ue Here Cats a)| pomciater rhc k| ier cee ecw) Cmeome eel | frp arrek sari) pcomeotecte yea | tec cokttaar Pact ect ear) 1| PCat tn Cow) e: ¢ 0a “}dag OT (ras geo “ydag 

Birety Ome Bhd Sol licetcaeates tie ehen ail livcuatestecamys,rul lth eos ta, iterate eee SEC ec Cee ERECT +97 4dag Py a 8k +g] 4deg 

Fie et Ttiech | lechec tat bc OC). tye] cette Year fa i Char eC Bal | | PMC AL CBM OM us| Viet std ik ton Fee 10] IN Bex Sy Se fit Seat MUCOSA I Sak Ghee Yale gee LCT aie aC Dog Wey ey PTC 267 heals CUS | PCy YR a ha) G' SP oe 4 “ydeaq OT O'S ra yi *ydeq 

“poe . : “DULYOT “polled rn J “BULYLOW ‘poled ei “BULYOW ‘poled, . 7 “BULLLOW ‘polled Rees “SULL[OYW 

Rae o7IS | jo eq | asuyg | O78 | jo ayeq || esmg | 978 | yo aeq || esug| 98S | jo aeq aang | 7S | jo ae 


“ADVLG HLT 


DVLG HLZT 


‘ADVLG HOTT 


‘IDV H 


LOT 


“HDVLS ALG 


91 


teat 


NOSVAS) ‘SUMLSAOT GULOATHS 


‘ponuryu0)j— (GO6I AO 
IVWUON JO GOINHd ONILIOW AGNV AZIS NO VLVd—9 ‘ON “avy, 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


214 


“polieg 


aBRIC 


jo ayeq 


“BUNTON 


“poled 
asB1S 


ggg “"#S “290 

OFS | “F “AON 

€'F¢ 8ST 3deg 
| O'1S EEStor) 
| 9°¢¢ LI 3dag 
| 
\(; seoptaecnal toate sshcucrate 
[ee at anno 
| 

= *SUTy[OWW 
S218 jo a1eq 


‘powied 


8581S 


o GP “PI 3deg)| 62 0°9€ 91 “any 
2° 9F "GG “3deg}| 0z gle “*¢ "4dag 
O'SF 6a ydag OPO O60 OOO OSORIO Ore ‘N 
0'bF yee C=] 'N 
LF “SL ydeg|| OT OLE "Le “Sy 
G&P "83 “SN! ZT 0°9¢ “OT ‘any 
O°Gr 9 ydeg!| 6I G St “LT “any 
O'SP "66 “SnV|| FT GLE “¢T “any 
b 6F PI ydeg}| LT O° 83 “Sny 
500600 G| Hod eD octal boadomrt||G.o00.0.0.c “6g ‘any 
G°8t SOL 420) Se Ors GT “ydag 
apHal “BUNyLOY “polled aate “Buy [OW 
Ss jo ayeq aBBIg Ss jo aeq 


‘ADVLG HLET 


0'6¢ “97 "400 
| 
[Nkewawnteeraretrel |taanc carey citer [Raves titer aseen ene 
| 
| {a aah fal Re, Aas ae | eeenioe eran 
1 | 
‘poled , | ‘SonIoW 
e589 SEIS) jo 938q 
‘aDVLQ HIZT 


‘AD VLG HITT 


‘ADVLG HLOT 


‘ADVLG HIG 


T& 


66 


NOSVUS) ‘SHALSHOT GALOWTIUS TVNUON JO GOIWHd DNILIONW GNV AZIS NO VLVG—9< ‘ON S14v J, 


‘ponuryu0j— (GO6T AO 


215 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


0} 9J0U UT UOATS ST osvd ABITUIIS W 


°CZ “ON 2Q*BI, UI 99 ‘ON 10}SqO| 


‘eBRIOAR OY} ULY} 10}1OYS oe sporsed 95ejs OY} ‘uoUTTOOdS sSIY} YIM UOTJOBMUOD UT PeAresqo eq OSTB [[IM SV 


*% OZ Jo ures ‘odvjs YITT OF WOT +% 1'EZ Jo ures ‘ovvIS WIOT OF WI6 
60% G-9g Jo UTES ‘adeIS TIG 01 TIS $% TE Jo ures ‘aBuys WIS 09 WIZ 1% Q'Ez Jo ures ‘oFUIs WIZ 0} IO +% G'Es Jo ules ‘osVIS GIO OF WIG +% LST Jo ules 
‘S100 [[B SpoeoXe YIMOAS osOYM YIM Jour AT[BUOISBO00 UsUITOadS B S}UBSeIdOY ~ 


‘pored 
8584S 


“BUTOW 
jo 9)8q 


“"potsed | 
8881S 


“BUNTON 
jo a4eq 


‘ADVIL HLET 


“ADVLG HIGT 


| 
“SE GPG |°  edBIEAY)|T "SS O'SF | esBI10AV 1G O'2E |°° ‘8sBI0AW 
skup- L000 8 Vg Put oan: an sAep uur sep wu | 
5 eben aes fonsiaegeray ocataWerti|feycreiie “enel lamest iterayel | teustenstatistaeneteety |= rete vetexsia| kee ener Mey |penyas ieirensyTemrh ven 
oe nee |  eeeeee eats |e See ek eral ciara | (Seen cetsl| Ration ears esc 
| 

“anon tears cca sb ens irte dill csi haere Meta ro ears ml lgteeccdar nae |p caress ure ReePas eae Genes 
ma 8°cS 8 0 0G € &P ST “3deg 1G pb GE 8% “sny 
ee nee . RY s/s) elawe're: e674, Site Gel? LO 0° OF 9% “3dag Photo bd Toa Fe | ple Wad LO ‘N 

al cee CO 720) | ave sent GI 3deg|| 81. | O'6€ | 83 ‘any 
par Son aT || (3) XO) PG GS “eT “dag 8T PGP 8% “sny 
Ge) \e) Shien) ||sw.ce| 18) (eye les} ele) 0 eae) a . omegeine ves (Omer “OL “290 es G’'Og LI “ydag 
aes as L°¥g |" "ST 4deg]| 0% | OF | "Se “Sny|| 8T o'8 4 ‘any 
‘powed| . | “SUT}[OJY | |" potsa ; “pUury[O ‘polled | . \“puTyyjo 
azuig | [71S | jo ayeq | eseigt 92718 | Jo ae ee asuyg | C718 | jo Bree 

‘HDVLG HITT ‘aDVLG HLOT ‘HOVLY HLG 


SP 


‘popnpucg— (S06T AO 
NOSVS) ‘SUALSAOT GHLOATAS IVNUON AO GOIUAd ONILVIOW GNV AZIS NO VLYG— 96 “ON #1&vL 


216 REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


XVIII. Summary.* 
I. The Rate of Growth. 


1. The rate of growth of the lobster is much less rapid than has 
been estimated by previous observers. 


2. We find the average amount of increase at each molt to be 
18.4 per cent. for the early stages; and this percentage undergoes a 
gradual diminution through later successive molts, so that the gain 


in large lobsters is very slight. 


3. The average female lobster lays eggs for the first time in the 
summer of its sixth year, when in the twenty-third stage. 


4. Beyond the twenty-second stage the male lobster grows more 
rapidly than the female. This explains the fact that nearly all 
the “giant” lobsters are of the male sex. 


5. By the time the 9-inch length is reached the male lobster, 
in Rhode Island or other warm waters, is at least four and one-half 
years old; the female of the same length, if she has not borne eggs, is 
about the same age. 


6. . The lobsters in Narragansett Bay probably attain marketable 


size (9 inches in Rhode Island) a year sooner than do the Massa- 
chusetts or Maine lobsters. 


II. Influences on the Rate oj Growth. 


1. The chief influences which modify the rate of growth of lobsters 
are water temperature, food supply, light, and injuries. They are 
most effective for the early stages. 


2. Temperature is largely responsible for the differences in size 


of lobsters of the same age in different localities. This results from 


*In addition to the above we would make reference to Table No. 18 which, together with 
the portions of the foregoing statement which have been printed in italics, embodies the most 


important facts considered in the exposition. 
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the influence upon (1) frequency of the molting process; (2) per 
cent. of increase in length of molts. 

3. A decrease in food supply or the presence of injuries prolong 
the stage periods and diminish the rate of growth. 

4. Excessive light may modify therate of growth by (1) increas- 
ing the duration of the stage periods; (2) by decreasing the percentage 
of increase at each molt, and (3) indirectly, by favoring the growth 


of parasites. 


The writer would take this opportunity to acknowledge his 
indebtedness to Dr. A. D. Mead and Prof. F. P. Gorham, of Brown 
University, for many helpful suggestions and references; to Mr. 
V. E. Emmel for valuable data on the effect of injury and regenera- 
tion upon the growth of the lobster, also to Mr. E. W. Barnes, 
Assistant Superintendent of the Wickford Experiment Station, for 
many kindnesses. 
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MX, List of PLATEs. 


PuateE XXVI._ First larval stage; length, 8 mm.; age, 3 days; lateral view. 

Puate XXVIII. First larval stage; length, 8 mm.; age, 3 days; dorsal view. 

Prate XXVIII. Second larval stage; length, 9.5 mm.; age, 6 days; lateral view. 

Pirate XXIX. Second larval stage; length, 9.5 mm.; age, 6 days; dorsal view. 

Pirate XXX. Third larval stage; length, 11.5 mm.; age, 9 days; lateral view. 

Pirate XXXI. Third larval stage; length, 11.5 mm.; age, 9 days; dorsal view. 

PratE XXXII. Fourth stage lobster; length, 14.8 mm.; age, 14 days; dorsal view. 

PratE XXXIII. Young male lobster; length, 65 mm.; age, 14 months. 

PratE XXXIV. Old male lobster; length, 184 inches; weight, 11? pounds; 
age, probably about 16 years. 

PiatE XXXYV. Showing the construction of the cars containing the separate 
compartments in which the young lobsters were raised. 

Pirate XXXVI. Showing a young lobster that has just molted, together with 
its cast shell. The lobster was still soft when photographed. 

Prat—E XXXVII. Showing the difference in size of three lobsters of the same age. 


Pirate XL. Showing the wire cylinders in which certain lobsters were confined. 
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EXPLANATION OF PLATES 26 AND 27. 


First larval stage; length, 8 mm.; age, 3 days. 


FIRST ANTENN2: 
Project hardly to the end of the rostrum; endopodites have begun to 
bud off from the exopodites; the former are furnished with one long 
seta; the latter are tufted with four or five sete. (The first antennze 
are here described as if biramous.) 


SECOND ANTENN2®: 
Exopodites and endopodites are about equal in length; edges of former 
are fringed with a variable number of long feathered sete; the ends of 
the latter are tipped with several long sete; the antennal segments are 


not yet visible. 


EYEs: 
Very large and prominent; they contain in life a white iridescent pig- 


ment. 


MAXILLIPEDS, SECOND AND THIRD PAIR: 


These are furnished with exopodites. 


CHELIPEDS: 
These are furnished with exopodites or swimming appendages; the 


dactyl of the claw opens upward and outward. 


AMBULATORY APPENDAGES: 
The first two pairs have the rudiments of claws; the last two pairs 
have not. All are furnished with exopodites; gills (as also is the case 
with the maxillipeds and chelipeds) are attached beneath the carapace 
border to the first segment (coxopodite). 


ABDOMINAL APPENDAGES: 
These have not yet appeared, though they may often be seen in the 
first stage lobster as buds beneath the cuticle, on the under side of the 
abdomen. 


TAIL: 
Has the shape of a simple fan; the exopodites of the last abdominal 
segment have not yet appeared; the posterior margin is bordered with 
short, spine-like sete. 
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EXPLANATION OF PLATES 28 AND 29. 


Second larval stage; length, 9.5 mm.; age, 6 days. 


FIRST ANTENNZE: 
The endopodites have grown out over half the length of the expopo- 
dites; the latter extend nearly to the end of the rostrum; slight evidences 
of segmentation can now be observed on both endopodites and exopo- 
dites; the specialized olfactory setz are present on the distal portion 
of the inner margin of the exopodites. 


SECOND ANTENNZ: 
The endopodites now equal or excel in length the exopodites; traces of 
segmentation are now observable upon the endopodites. 


EYEs: 


Still large and prominent, but less so than in the previous stage. 


MAXILLIPEDS, CHELIPEDS, AMBULATORY APPENDAGES: 
Very much as in first stage. 


ABDOMINAL APPENDAGES: 
The appendages of the second, third, fourth, and fifth abdominal seg- 
ments have appeared but are not yet functional. 


Tal: 
As in first stage. 
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EXPLANATION ‘OF PLATES 30 AND 31. 


Third larval stage; length, 11.5 mm.; age, 9 days. 


First ANTENNZ: 
The endopodites have grown out to nearly the length of the exopodites; 
both are now as long or longer than the rostrum; the olfactory set are 
very distinct on distal portion of the inner margin of the exopodites; 
the segmentation of both exopodites and endopodites is clearly observ- 


able at this period. 


SECOND ANTENN2: 
The endopodites are now much longer than the exopodites; the latter 
still retain their leaf-like form and extend beyond the tip of the rostrum; 


the exopodites show definite traces of segmentation. 


MANXILLIPEDS: 


As in second stage. 


CHELIPEDS: 
The claw portion approximates more closely to the shape of the adult 
claw; owing to a gradual torsion of the limb from the carpopodite 
(fifth segment from base), the dactyl now opens upward and sometimes 


slightly inward. 


AMBULATORY APPENDAGES: 
Much as in the third stage, except that the claws on the first two pairs 
are more fully developed; the first segments of the last two pairs are 


tipped with spurs; the exopodites are still functional. 


ABDOMINAL APPENDAGES: 
These are now fringed with delicate set, but are not yet functional; 
the appendages of the sixth abdominal segment are now observable; 
they consist of exopodite and endopodite of about equal size, both of 


which are fringed with long sete. 


Tal: 
By the appearance of the appendages of the last abdominal segment the 
tail now resembles somewhat more closely that of the adult lobster; the 


telson is bordered with a fringe of sete. 
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EXPLANATION OF PLATE 32. 


Fourth stage; length, 14.3 mm.; age, 14 days. The greatest change in form which 
takes place (at any one molt) in the life of the lobster occurs in the transition 


from the third to the fourth stage. 


FIRST ANTENN®: 
Both exopodites and endopodites are much elongated, and the segments 


are more distinct than in any previous stage; the olfactory sete are 


very distinct. 


SECOND ANTENNZ:: 
The endopodites have, in a single molt, extended into long whip-like 
lashes, distinctly segmented and nearly two-thirds as long as the body; 
there has been no further development in the exopodites. 


EYEs: 
These are relatively much smaller than in the previous stages. 


MAXILLIPEDS: 
These still retain the exopodites and they remain functional., 


CHELIPEDS: 
These resemble more fully than in any previous stage the adult claw; 
right and left are similar; since the second stage a torsion has taken 
place (affecting, as Herrick has shown, the carpopodite or fifth joint) 
so that in the present position of the claw the dactyl opens inward; the 
exopodites have been lost in the recent molt. 


AMBULATORY APPENDAGES: 
These have lost, in the recent molt, the exopodites which, as is also the 
case in the chelipeds, have atrophied to functionless stumps (not 
shown in the drawing); no torsion has taken place in the first two pairs 
(the second and third chelate limbs), and the dactyls of the claws open 
upward and outward as before. 


ABDOMINAL APPENDAGES: 
These have become fringed with a border of delicate setze; the exopodites 
and endopodites of each are clearly distinct and, for the first time, 
functional; the appendages of the last abdominal segment have increased 
in size and are now bordered by a fringe of long matted sete; the ap- 
pendages of the first segment have not appeared at this stage. 


TAIL: 


Owing to the changes in the appendages of the last abdominal segment, 
the tail now closely resembles that of the adult lobster. 
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EXPLANATION OF PLATE 33. 


Young male lobster; fourteenth stage; length, 65 mm.; age, approximately 14 months. 


FIRST ANTENNE: 
These are relatively longer than in the fourth stage; the olfactory sete 


are not distinct. 


SECOND ANTENNZ: 
The endopodites have developed into long whip-like filaments longer 
than the whole body; the exopodites show no further development. 


EYEs: 
These are relatively smaller. 


> 


CHELIPEDS: 
These are differentiated, after the sixth stage, into a “nipping” and a 
“crushing” claw; the tip of the dactyl often closes far past the tip of 
the propodos. 


AMBULATORY APPENDAGES: 
As in the fourth stage; the atrophied stumps of the exopodites disap- 
pear after the fifth stage. 


ABDOMINAL APPENDAGES: 
Much as in the fourth stage; the external reproductive organs (modified 
swimmerets in the case of the male) have appeared during the seventh 
or eighth stage, on the first abdominal segment. 


31 
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EXPLANATION OF PLATE 34. 


This specimen, whose age can not be accurately estimatec, but can not be 
less than sixteen or eighteen years, was taken from a fish trap in the southern 
part of Narragansett Bay, where it had become entangled in the meshes. The 
massive crushing claw was larger than the whole cephalo-thorax, and shows well 
the development of the two great tubercles which, in the case of aged lobsters, 
alone remain. The cephalo-thorax was broad, but the head portion narrow. The 
eyes were small, scarcely larger than shoe buttons. The appendages were all 
intact, but much worn and stubby. The exoskeleton was extremely thick and 
heavy, deeply scarred, and beset with barnacles and molluscs, several of which 
had grown into the articular membranes between the joints of the chelpeids. 
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sin which young lobsters are raised. 


(Designed by Mr. E. W. Barnes). 


PLATE XXXV.—Showing the construction of the cars containing the separate compartment 
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PLaTtE XXXVI.—Showing a young, newly-molted lobster (right), together with its old shell. 
Age, 2 yrs., 5 mos.; size, 55g inches, 


Puate XXXVII.—Three lobsters of the 


photographed alive October 23, 1902 


same age, illustrating the differences inthe rate of growth. They were hatched In the summer of 1901. and 
Age about one year and four months. Life size 


OBSERVATIONS ON SOME INFLUENCES OF LIGHT UPON 
THE LARVAL AND EARLY ADOLESCENT STAGES 
OF HOMARUS AMERICANUS. 


PLATES XXXVIII To XL. 


PRELIMINARY REPORT. 


PHILIP B. HADLEY, 


BROWN UNIVERSITY, PROVIDENCE, R. I. 


The study of the influence of light stimuli upon marine animals 
in general, and upon the group Crustacea in particular, has, during 
the past decade, proved a fertile field for investigation. The wide 
variation in the nature of the responses which may be called forth 
by the influence of light of different intensities, of different colors, 
and upon different backgrounds, has demonstrated the fact that the 
habits of life of many forms may be regulated by, and even to a great 
degree dependent upon, light changes; and, furthermore, that even 
questions of relative nutrition, bodily strength, and rate of develop- 
ment may be influenced, to no slight degree, by the light environment 
which surrounds the individuals. 

With these facts in mind, and believing that further knowledge 
of the influence of light upon the early stages of the lobster would 
not only be of advantage to those engaged in the artificial propa- 
gation of marine crustacea, but would also form a further contribu- 
tion to our data concerning the influence of light upon marine animals 
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in general, we have, in a preliminary way, during the summer of 1905 
at the Wickford hatchery, made a brief number of observations to 
which we hope to add at a later date. 

The records of the experiments cover but a small part of the field 
of inquiry into the effects of light upon the lobster, inasmuch as they 
do not consider the subject of the influence of light upon chromato- 
phore activity and pigment movement, but merely attempt to de- 
seribe the reactions to light in the first five stages of Homarus when 
upon backgrounds of black or white; and then to consider briefly 
the possible influence of light on the rate of development of the lob- 
ster during its early life. 


1. PHOTOPATHY IN THE LARVAL AND EARLY ADOLESCENT STAGES. 


In a previous paper (Science, 1905, XXII, 675) we have used 
somewhat ill-advisedly the term phototropic to indicate the tendency 
of organisms to move toward or away from a region of greater light 
intensity. Believing now, however, that the term phototropism 
should be used exclusively to represent a tendency on the part of 
organisms to grow toward the light or away from it, we have considered 
the terms photopathy and photopathic better adapted to express the 
nature of the greater number of reactions to be described in the fol- 
lowing pages—that is, a tendency to move toward or from a region 
of greater light intensity. We shall also use, together with these 
terms, the terms phototaxis and phototactic, referring to the tendency 
of organisms to move in the direction of or opposite to the incident 
light rays. We consider these terms are here used more advisedly 
than the older terms heliotropism and heliotropic as used by Loeb, 
and which give no indication whether the response on the part of the 
organism concerned may be due to the intensity of the light or to the 
direction of the light rays, or both. 

We do not assume, however (as does Loeb*), that such phototropic 


*“Heliotropism of Animais,” The Decennial Publication of the University of Chicago, vol.I, 
p, 84. 
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or heliotropic responses do not depend upon the specific characteris- 
tics of the nervous system. Later day investigations have pointed 
out that there may be wide differences between heliotropism in plants 
and in animals, and that, although instinctive action in the daily 
activities of the lower forms of life does, as Loeb argues, have its 
basis in the same laws which determine the behavior of matter in 
inanimate nature, still, in the light of these more recent investiga- 
tions, it can not be denied that the behavior of these lower forms of 
life is modified and even determined by the effect of stimuli, primarily 
upon the nervous system. 

First we are to discuss the results of experiments which were car- 
ried on under such conditions that there was no opportunity given 
for the young lobsters to manifest any reaction whatever by their 
efforts to swim in the direction of the incident light rays (phototaxis). 
The results, then, must indicate a “ choice” on the part of the lobsters, 
of a specific degree of light intensity, light color (special rays), or . 
both. We shall, however, on a later page make reference to experi- 
ments in which the phototactic responses (heliotropism in the sense 
used by Loeb in the greater number of his papers) are discussed. 

The apparatus used for the experiments consisted of an oblong 
wooden box, 4x 6 x 18 inches on the inside. The box was blackened 
and fitted with a light-tight cover, through one end of which pro- 
truded, to a length of 6 inches, a cardboard tube 14 inches in diameter; 
the function of this tube was to admit none but nearly parallel rays 
of light into one end of the box, thus distinctly localizing the light 
area (Plate XX XVIII). In experiments wherein a white background 
was required, the black interior of the box, as well as the under side 
of the light-tight cover, was covered with a heavy grade of white 
paper.* , 

The following description of the experiments, with some few 
changes, is taken from the previous paper of the writer, already re- 
ferred to. 


*The design of the box is based upon suggestions made by Keeble and Gamble, ‘‘The Col- 
or Physiology of Higher Crustacea. Royal Society, London, 1904. 
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The method of conducting a single experiment was essentially as 
follows: The box was filled with salt water to a depth of two inches, 
or thereabouts, and placed in a quiet and level position. The de- 
sired number of lobsters, together with sufficient salt water to make 
the total depth about three inches were added. When the water had 
quieted and the young lobsters had arranged themselves more or 
less uniformly in the water area, the cover was placed in position. At 
intervals, varying from five to fifteen minutes, the cover was removed 
and the position of the young lobsters was observed. After some of 
the observations the cover would be reversed in position, so that the 
illuminated area in the water would be changed to the opposite end 
of the box. After other observations, however, the cover would be 
left as in the first instance, or removed entirely until another uni- 
form distribution of the young lobsters had been obtained. Whether 
the position of the cover was changed or not, the results, with few 
exceptions, agreed with great uniformity. 

The light intensity was regulated by the time of day at which the 
observations were made, either at noon, mid-afternoon or nearly 
evening. In this way, without using artificial means, it was possible 
to regulate the degree of light intensity with a very fair precision. In 
the case of studying monochromatic lights (red and blue) sheets of 
glass were used, the plate being placed over the entrance of the tube. 
Without doubt, liquid filters would have been an advantage; but the 
experiments which were made with glass plates gave such definite 
reactions that they were judged satisfactory for preliminary work. 

The counts were made by dividing the field into three areas, 
namely, the illuminated, the mid-area, and the dark. Owing to the 
fact, however, that the illumination in the mid-area must have been 
almost imperceptible, for practical results it might have been quite 
safe to include the mid-area counts with those of the dark area, but 
for sake of definiteness they have been considered as a separate area. 
In the greater number of cases it was an easy matter to count the 
number of individuals in each of the three areas before a change in 
position took place. Twenty individuals were, in most cases, used 
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Puate XXXVIII.—Showing the construction of the apparatus used in determining the reaction of young 


lobsters to different degrees of light intensity, and to special rays. 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. 241 


for experimentation, for so small a number distributed over three 
areas could be taken in at a glance, and furthermore twenty seemed 
a sufficient number to give representative results. In the following 
account are recorded experiments carried on with the first five stages. 
All the conditions of light and backgrounds were not brought to bear 
upon all five stages, and only a sufficient number of reports are here 
recorded to show the general drift of the results. 


EXPERIMENT I. 


Conditions: Black Background; Sunlight of Low Intensity; 
20 First Stage Larve. 


Test. Light end. Mid area. Dark end. Cover. 
1 2 6 ee 3. eee 
2 3 4 13 Reversed. 
3 1 5 aos creer ee 
4 a 4 iL} Reversed. 


Similar results were obtained when a greater intensity of light was 


used. 
EXPERIMENT II. 


Conditions: White Background; Sunlight of Medium Intensity. 
20 First Stage Larve. 


Test. Light end. Mid-area. Dark end. Cover 
1 2 5 130 2 ee yr 
2 By 2 16 Reversed. 
3 2 3 15 Reversed. 
4 1 5 NT Ae eh! a we 


EXPERIMENT III. 


Conditions: White Background; Sunlight Bright; 
20 First Stage Larve. 


Test. Light end. Mid-area. Dark end. Cover. 
1 22, 4 AB wiih ety Slab ates yes. ta es 
yy 18 T 5 Reversed 
3) 20 7 it ebged eye tele ad 
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These results seem to show that the first larval stage of Homarus 
is negatively photopathic on a black background, with weak, medium 
and bright light; but that, while on white backgrounds he is, under 
medium intensity, negatively photopathic, if the intensity of light is 
increased he becomes positively photophatic. Similar results were 
obtained with second and third stage larve under similar conditions 
of light and background. The reactions manifested under the con- 
ditions of white background and light of low intensity were, as a rule, 
not as definite as the others. 


EXPERIMENT [YV. 


Conditions: White Background; Red Monochromatic Light; 
20 First Stage Larve. 


Test. Light end. Mid-area, Dark end. Cover. 
1 2 1 1 Ga Dae eos ee, 
2 2 3 BD 8 alone eae 
3 5) 4 13 Reversed. 
+t 6 2 Le Ui hale eee 


EXPERIMENT J. 


Conditions: White Background; Blue Monochromatic Light; 
20 First Stage Larve. 


Test. Light end. Mid-area. Dark end. Cover. 
if 12 4 OY TR oe 
2 ii i 3 6 Reversed. 
3 ie 2 Be Obs Aegean ee bea hee: 


These two experiments indicate that in the case of a white back- 
ground and red monochromatic light, the first stage lobsters are nega- 
tively photophathic, while in the case of a white background and a 
blue monochromatic light the same lobsters are positively photo- 
pathic. This was naturally somewhat unexpected, but in all the 
experiments involving similar conditions of light and background the 
second and third stage lobsters respond in a similar manner. In 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. 243 


case, however, a black background is used with lobsters of the 
third stage, several experiments demonstrate a negative photopathy 
under the conditions of both red and blue light. 


EXPERIMENT VI. 


Conditions: Black Background; 20 Early Fourth Stage 
Lobsters; Sunlight Bright. 


Test. Light end. Mid area. Dark end. Cover. 
1 13 3) AN oN. s vbheote yaar ete he 
2 15 3 2 Reversed. © 
3 12 4 Bed nor: bacld ee iets 
4 15 a tebe ¢ o2:2 did septic 


When experiments were tried with the fourth stage, however, a 
different reaction was found to occur. On black backgrounds and 
with white or blue lights of any intensity, the fourth stage lobsters, 
unlike the first three stages, were positively photopathic. The 
degree of light intensity made no change in the results, save in that 
instances where the light was the least intense the reaction was least 
marked; and when the light was most intense, as obtained by re- 
flecting rays of light by means of a mirror into the tube, the definite- 
ness of reaction was most evident. 

When white backgrounds were used in connection with the fourth . 
stage lobsters, it was found that in every case except with the mono- 
chromatic red light, a positive photopathic reaction resulted. The 
latter, which was also contrary to expectations, may be outlined as 
follows: . 

EXPERIMENT VII. 


Conditions: White Background; Monochromatic Red Light; 
20 Early Fourth Stage Lobsters. 


Test. Light end. Mid area. Dark end. Cover. 
1 8 5 Oneal ib aeesie is eee 
2 1 6 13 Reversed. 
3 1 10 9 Reversed. 
4 4 5 ROS ¢ Papin Secr teak seth ee 
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These resulting reactions in the case of the early fourth stage 
lobster may offer an explanation of the fact that this stage is so 
frequently caught in tow-nets drawn over the surafce of any of our 
shore waters, while it has been a very unusual occurrence to secure 
in this manner either the earlier or the later stages. The same causes 
may also account for the reported facts that certain stages of the free- 
swimming larve of other forms of crustacea are found more frequently 
at the surface than are other larval stages of the same species, for it 
altogether probable that the presence of organisms in bright sunlight 
at the surface of the water may be indicative not of a positive photo- 
tactic or heliotropic reaction alone, but also of a positive photopathic 
response to the greater intensity of light in the surface waters. 

It was a noteworthy fact, however, that old fourth stage lobsters 
would never manifest phototropic reactions with the same degree of 
certainty as those demonstrated in the case of younger fourth stage 
lobsters. Indeed, in a number of instances, fourth stage individuals 
which were due to molt within a period of one or two days mani- 
fested on black backgrounds a definite tendency towards a negative 
reaction. The negative photopathic response was assumed without 
exception after the lobsters had molted into the fifth stage, and this 
reaction was then manifested with any combination of light intensity, 
- color, or background, except red and blue lights on a black back- 
ground, in which case the resulting reactions were often either con- 
tradictory or obscure. The following tables show the reactions in the 
case of the late fourth and the fifth stage lobsters: 


EXPERIMENT VIII. 


Conditions: Black Background (Similar Results Were Seldom 
Obtained on a White Background); Sunlight Bright; 
20 Late Fourth Stage Lobsters. 


Test. Light end Mid area, Dark end. Cover. 
1 9 4 7th © das ttc re aaa 
2 1l 5 4 Reversed 
3 ip 6 igh pains tt ths 2k 
4 9 3 Sao eee hen ash 
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From the above experiments it appears that we have the probable 
explanation of the characteristic behavior of late fourth stage 
lobsters; 72. e., the tendency to seek the bottom and to hide under 
shells, rocks, or grass. It further appears that there is no good 
reason to attribute this manner of behavior, as do some writers, 
either to a negative heliotropism (phototaxis), or to contact irri- 
tability. 


EXPERIMENT IX. 


Conditions: Black Background; Medium Sunlight; 
12 Fifth Stage Lobsters. 


Test. Light end. Mid area. Dark end. Cover. 
1 De 4 (cia | a ee 
2, 2 3 (ee Oy eee 
3 2 2 8 Reversed. 
4 1 3 oe NOP er 5 al we 


The results of these experiments may also explain, to a certain 
degree, the facts which appear through the observation of large 
numbers of the larval stages of Homerus when confined and exposed 
to different light conditions, and also interpret to some extent the 
behavior observed in the larval and early adolescent stages of lobsters 
under natural conditions of environment. The first three larval 
stages, when confined in the large twelve-foot white canvas bags 
in which they were observed, manifested at all times a marked 
tendency to sink toward the bottom—except perchance at night, 
when more active swimming is observed in all the stages. This 
tendency during the daytime could not be controlled in any way. 

It seems entirely possible that this reaction may be explained upon _ 
the grounds of negative photopathy, for although it is certainly true 
that the young lobsters below the fifth stage are under certain con- 
ditions positively phototactic, still it may be that a certain intensity 
and background is required for the fullest manifestation of this re- 
sponse. For instance, at night, it was possible to evoke a seemingly 
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positive photopathic reaction from any of the thousands of young 
larvee in the large canvas bags. This was accomplished by means. 
of an acetylene light so directed against a certain area of the white 
field of canvas that large numbers would at once group themselves 
thickly about the illuminated area, manifesting, in the case of the 
third and fourth stages, such an effort to come into the light area that 
they would often throw themselves partially out of water, causing 
thereby numerous surface ripples. Since, however, as has been stat-- 
ed, similar results could be obtained when a black background was 
employed with the acetylene rays, and since the results were not so 
definite when the incident rays struck the water perpendicularly as. 
when they were thrown at an angle, it was assumed that these re- 
actions were not manifestations of true photopathy, but were largely 
due to the effort on the part of the young lobsters to move in the 
direction of the incident light rays. This phenomenon was better 
observable in the fourth stage of Homarus, when the very definite: 
rheotactic proclivity, first clearly observable in this stage, could be 
entirely broken up by introducing the incident rays either at right 
angles to or in opposition to the direction of the current. A diagram- 
atic representation of the effect of combining the opportunities for 
the manifestation of rheotaxis and phototaxis at the same moment. 
is given in the figures of Plate XX XIX. In every observation made, 
whatever might be the direction in which the light rays were intro- 
duced, this effect was the same; the phenomenon of rheotaxis in 
the fourth stage lobsters was always lost in that area where the light 
rays had their full effect. A clearer view of the nature of this re- 
action may be obtained from the description accompanying the 
plate mentioned above. 

The slight number of observations on the influence of light on the 
orientation and progressive movement of young lobsters does not, at 
the present time, warrant far-reaching deductions regarding the 
probable behavior of young lobsters under natural conditions or 
suggest aught that might be of value in methods of artificial pro- 
pagation of lobsters. The writer, however, hopes to discuss this 
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phase of the subject more in detail at a later date, and at that 
time to consider further the method of these reactions, and to de- 
termine to what extent the general behavior of the young lobsters 
may be dependent upon these responses to stimulation by light. 
In the meantime we may sum up the result of the observations thus 
far made by the following table and then briefly consider the prob- 
able influence of light on the general condition and rate of growth 
of the lobster as presented in the following section. 


TABLE No. 1. 


Showing the nature of the photopathic reactions of lobsters in the first five stages 
on black and white backgrounds, and under the influence of white, 
red and blue light.* 


STAGE. 


Ill 
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Red Light. 
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White Light. 
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* In cases where the results were not certain, or not definite, or contradictory, the sign (?) 
has been placed. A positive reaction is indicated by the + sign; a negative reaction by the 
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DESCRIPTION OF PLATE XXXIX. 


The current in every case was a continuous circular current created by a revolv- 


ing paddle in a large canvas bag. 


Fig. 1. Shows the normal rheotactic phenomenon when no dis- 


turbing influence is brought to bear. 


Fig. 2. Shows the effect of introducing a pencil of light so that 
the rays proceed in an opposite direction to the current. 


Fig. 3. Shows the result when the rays proceed in the direction 


of the current. 


Fig. 4. Shows the effect of allowing the rays to fall vertically or 
at right angles to the direction of the current. 


Fig. 6. Shows the effect of introducing the rays at a slight angle 
when no current is flowing in the bag. 


Fig. 7. Shows the effect of withdrawing the source of the rays 
in a “serpentine” curve, in such a way that the direction of the rays 
is continually changing but at every point is tangent to the curve. 
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Il. Tse InrivueEnce or LIGHT ON THE RATE OF DEVELOPMENT. 


Insomuch as the writer has treated this subject in more detail in 
another paper* the present consideration will be brief. The question 
of the influence of light upon the rate of growth is, however, one of 
no little importance to the general problems of the artificial propa- 
gation of marine animals, and the writer hopes to be able at a later 
date to-present the result of further investigations which shall better 
warrant the drawing of more far-reaching conclusions. 

In the preliminary consideration of this problem, the first question 
which we may ask is, what influence do light and darkness appear 
to have upon the development of animal life in general; and, con- 
sequently, what effect might we expect it to have upon the young 
lobster? In answer to this query it may be said that, so far as in- 
vestigations to the present are concerned, the following facts, which 
hold true both for vertebrates and for the lower forms of animals 
(many of them marine), are generally admitted. 


1. That development of animal life in general is more rapid in 
daylight (white light) than in absolute darkness. 


2. That development in twilight is more rapid than in either (a) 
darkness or (b) daylight. 


3. That development under the influence of certain monochromatic 
lights (blue or violet) is more rapid than in daylight, but, in most cases, 
less rapid than under the influence of twilight. 


4. That the influence of white light may hasten destructive meta- 
bolism in many forms, but that the evil influence of the red rays con- 
tained in the white 1s not as detrimental to growth as the effect created 
by totally excluding the blue and violet rays which are also contained 
in the white, and jrom which, in many forms, the growth process derives 


a certain stimulation. 


The hypothetical conclusion to which, in view of the general facts, 


*‘*Regarding the rate of growth of the American lobster,’ Report of the Rhode Island 
Commassion of Inland Fisheries for 1905. Reprint 1906. 
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we might come, is that in all probability, full sunlight is detrimental 
to the development of the young lobster, but that weak sunlight or 
twilight exerts the most accelerating influence upon the rate of 
growth. We will now see what evidence there is to demonstrate 
the probable truth of this hypothesis. 


We know first of all that the lobster is an individual whose habits 
of life seldom lead him beyond the twilight of his natural haunts. 
We know that when strong lights are brought to bear upon. young 
adolescent lobsters they at once become restless, wander nervously 
about their cars, often refuse to touch food, and at all times manifest: 
a definite effort to retreat from the light rays. Beleving that the 
sunlight was unfavorable to the development of the lobsters, even 
after the fourth stage, the writer provided covers for most of the 
compartment cars in which the young lobsters were confined (Plate 
XXXV), thus producing in them the effect of twilight. Although 
the results obtained from these experiments do not justify far- 
reaching conclusions, they are nevertheless indicative of the fact that 
the condition of twilight does, for several reasons, actually prove 
beneficial to the developing lobsters; and that, on the other hand, 
broad sunlight is detrimental to their growth, first by increasing the 
length of time between each molting period, and second, by diminish- 
ing the amount of increase in length at each molt. The facts which 
lead to such a conclusion may be briefly presented in the tables which 
follow. 


The lobsters in the groups indicated by the heading “in twilight”’ 
were raised from the third stage in the individual compartment cars 
already mentioned. They were quite protected from the light above 
by the broad covers with which the cars were supplied. The only 
light which was accessible entered through the wire screening of the 
sides, a large part of which was, in every instance, under water. In 
the case of those lobsters included under the heading “in sunlight,” 
the compartments were in the form of wire cylinders, each containing 
in the bottom a saucer holding a small quantity of gravel. These 
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cages were about 12 inches deep and 6 inches in diameter,* so that 
the bottom containing the saucer was, in most cases, 7 or 8 inches 
beneath the surface of the water. It is easy to perceive that the light 
was able to enter the cages from all sides and from the top. 

Regarding the data presented in the tables, it should be borne in 
mind that all the lobsters whose records are given in a single table 
passed from the third to the fourth stage on the same night and were 
subsequently subjected to the same conditions of food supply and to 
the same degree of water temperature, both of which we know are 
able to cause so great a difference in the duration of the stage- 
periods when all other conditions are equal. 


*See Plate XL. 
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TaBLE No. 2. 


Showing the relative effects of sunlight and twilight upon the duration of the 
jourth stage-periods.* 


In SUNLIGHT. In Twitieut. 

poole creas | Datel oyna eee 
July 235-1522 AV ee Gearon 14 days. .||July 23......|July (1)......|(8) days. 
July 23...... Daily eae Se. 14 days. 2 July 2a... July 5s) ect 12 days. 
July 23-.\...<- Muilve cS acca 15 days. .|\July 23......|\July 3... .~. 10 days. 
Fuly23 -< lJuly 9..... 16 days..||July 23......|\July 5...... 12 days. 
aULY go. ci .~: July 10-7: 2. 17 days..||July 23......|/July 6...... 13 days. 
July 23...... yatlys MD\eave: < | 12° days..||July 23... ..|Suly 26-225. 13 days. 
July 23...... July. G6... 13 days. .|iguly 23:...-. July) 5... -- 12 days. 
July 232... Taly(15)........|(22) days.2||July23.......\July: Socse.c 12 days. 
July 23. ss. 2 Jnlyy Gi: 13 days.<||Julyo23:.-.. = July Giso5.- 13 days. 
AML ois nes July NG s52..;. 13 days...||Julys25-s54-. July G.- 7. 2). 13 days. 
Sale Dia siete is July 10..... LZ Gays .|)).0 oS Sees Ei ieee 
duly 23......\duly* See Hp adays. |... ee ie Sis Sa ee eran 
July 23...... July: 105-27 GAMA... o\lic+s. 5 = obese Lhe aNa il a val 
aialys23.. 7"... July Gln. 15). 46-7 | Ms ered detalii Metra, 

PAVICTA POH s,2\| Jelinek eee 14.5 days. .|| Average... | Pete 33 nk A 12.2 days. 


* See note to Table No. 3. 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. 255 


TaBLeE No. 3. 


Showing the relative effects of sunlight and twilight upon the increase in the size of 
lobsters molting from the fourth to the fifth stage.* 


In SUNLIGHT. In TwILicHtT. 
Fourth Fifth Gain Fourth Fifth Gain 
Stage. Stage. Per cent. Stage. Stage. Per cent. 
14.5 mm. 17.0 mm. 17.2 14.1 mm. 15.7 mm. 1S 
15.0 mm. 16.8 mm. 12.0 15.5 mm. 17.5 mm. 12.9 
14.3 mm. 16.5 mm. 16.0 14.5 mm. 17.5 mm. 20.6 
14.7 mm. 17.0 mm. 15.6 14.0 mm. 17.5 mm. Zon 
15.5 mm. ily/ Gy ramon 12.9 14.0 mm. 17.6 mm. PASH 
15.2 mm. ie2) mom. 1153,,11 14.5 mm. 17.0 mm. lege, 
ee os aah Ere Clas harejoudine 14.3 mm. 16.5 mm. 1538" 
WA ViCTARC. ANG ewes. aneelate 14.4 AVETARE IS Mis a. ae He SOe 18.2 


* All lobsters recorded passed from the third to the fourth stage on the same day, June 23, 
and were thus subjected to the same degree of water temperature whose variation, as we 
know, is able to make a great difference in the duration of the stage-period, as also in the 
amount of increase in size. Food conditions were also identical in the case of each group. 


Other observations from which we are able to determine a difference 
in the rate of growth are those from the experiments of Mr. V. E. 
Emmel, who kept many young lobsters through out the summer of 
1905 in wire cylinders similar to those already described. In this 
case there was a partial protection afforded by stretching a framed 
canvas somewhat above the wire cages in which the lobsters in ques- 
tion were confined. Here, it is interesting to note, we find the dura- 
tion of the fourth, fifth, sixth, and seventh stage periods from one 
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to three days longer than in any other group of lobsters which were 
reared under different conditions during the same or during the 
previous summer. 


TABLE No. 4. 


Showing the average per cent. of increase for lobsters in the fifth, sixth, seventh, 
and eighth stages raised under different conditions of light. 


| | 
Stage 4 to 5. | Stage 5 to 6. Stage 6 to 7. | Stage 7 to 8. 
Group 1,* kept in | | 
weak sunlight... .. 14.4 | ais Sains Beal oy SEAM atc ee setenereey See 
Group 2,} kept in | | 
subdued light... .. 15.4 | 16.3 20.6 | La 
| | 
Group 3,t kept in . 
semli-twilight..... 15.0 | 20.0 21.0 17.0 
Group 4,§ kept in | 
WAL GN. eee sr. | 18.0 20.6 | 20.0 72 


* This group was raised in wire cylinders in direct sunlight. 

+ Lobsters which were kept in wire cylinders, and protected by a framed canvas slightly 
above the cylinders. 

{ Lobsters which were kept in narrow compartment cars, which admitted no light on the 
sides and but little on the top. 

§ Selected lobsters which were kept in wooden ears covered so that but little light was ad- 
mitted from any direction. 


If the influence of sunlight is able to cause such differences in the 
rate of development of lobsters in the fourth stage, it is not unreason- 
able to believe that the same influence may be, if anything, more 
detrimental to the development during the early larval stages. 

One other factor which is commonly recognized as being able to 
greatly diminish the rapidity of growth, especially in the early stages, 
is the accumulation of diatoms, protozoa, and algee which not infre- 
quently gathers on the bodies of the young lobsters. There can be 
but little doubt that the profusion of this growth is, in a great meas- 
ure, directly dependent upon the degree of light intensity to which 
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the young animals are submitted. It is a recognized fact that the 
diatoms multiply most freely in regions of greater light intensity. 
This fact is apparent when observations are made upon several 
groups of lobsters under different conditions of light intensity. In 
relation to this point we have made observations upon three groups 
of lobsters in the fourth and fifth stages, confined under conditions 
of (1) semi-darkness or twilight, (2) very slightly subdued sunlight, 
and (3) full sunlight. It was very evident that the lobsters confined 
in an open car with practically no shade accumulated by far the 
most profuse growth of parasites, while the lobsters kept in twilight 
were, 1n every case, quite free. Those kept in slightly subdued sun- 
light had a more profuse growth than those maintained in the covered 
cars, but not nearly as great a growth as that on the lobsters in 
the open car. 

After having made numerous observations on developing lobsters 
at Woods Hole, Gorham also believes that the abundance of parasitic 
growth is partially dependent upon the degree of light intensity to 
which the young lobsters are subjected.* 

These few observations at least indicate the advisability of con- 
tinuing this definite line of experimentation, not only upon the adoles- 
cent lobsters, but more especially upon the larval stages on which we 
know the variations in temperature and food supply have the greatest 
effect. 


*F, P. Gorham, U.S. Fish Commission Report for 1903, p. 175. 
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INTRODUCTION AND GENERAL METHODS. 


Both economic and scientific interests furnish incentives to a study 
of regeneration and its relations to the molting habits of the lobster. 

The economic aspect of the subject is readily appreciated in view 
of the growing importance of the practical question of lobster culture. 
The recent noteworthy success of the Rhode Island Commission of 
Inland Fisheries, under the direction of Dr. A. D. Mead, in solving 
the difficulties involved in the problem of hatching and rearing 
lobster fry has given a new value to the study of the life history of 
this crustacean. 

It is hardly necessary to emphasize the close relation existing 
between the growth of the lobster and its molting habits. It is 
well known that this animal increases in length, and to all appearances 
grows, only at certain periods. Indeed, this is so much the case 
that it is not at all impossible for a “short”’ lobster to grow from 84 
inches to 9 inches by the process of shedding the shell, during a 
single night; and thus rescue the fisherman from legal liabilities. 
However, of course, it is not true that this increase in size is due 
entirely to a rapid growth immediately after the molt; for the 
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growth of the lobster, really, takes place more or less throughout 
the whole molting period. The growing tissue crowds against its 
shell, finally the animal sheds this shell, the compressed tissues 
expand and a rapid increase in size occurs. According to Herrick, 
this swelling out of the body after the molt “is due to the absorption 
of water through the new shell into the blood and tissues.’’* 

This fact that the increase in size is correlated with the molting 
process, gives importance to the various factors which may influence 
the frequency of the molting period,—such as light, temperature, 
food, and the regeneration of injured structures. 

From the scientific standpoint the subject of regeneration is full 
of interest. One of the most fundamental problems of biology at the 
present time is to determine the relation and interactions existing 
between different parts of the organism, and the phenomenon of 
regeneration furnishes an opportunity to study these relations by 
the experimental method. By disturbing the normal relations of the 
different parts of the organic system, and noting the resultant 
re-adjustments—as in the mutilation and regeneration of the appen- 
dages of the lobster—we may both demonstrate the existence, and 
learn something in regard to the nature, of these relations. 

In the molting habit of the lobster we have a phenomenon in 
which the growing organism periodically reaches a climax and casts 
off its outer shell or exoskeleton. In approaching this climax the 
old tissue cells multiply and produce new tissue; the epithelial cells 
in the skin secrete a second shell underneath the old one; and finally 
these cell activities culminate in the act of molting. 

On the other hand, when a limb has been removed from the 
lobster by mutilation, regeneration of that appendage occurs. In 
the process of forming this new structure a second series of cellular 
activities begins; which by multiplication and histological differen- 
tiation results in the reconstruction of a complete new appendage. 

Accordingly, we have two distinct processes of cell activities. 
The one, molting, is going on regularly, and more or less contin- 


*Herrick, Bulletin of U. S. Fish Commission, 1895, p. 81. 
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uously, throughout the period between molts; the other, regeneration, 
may be artificially introduced by mulitation at any point within 
this period. The interesting question arises as to what influences 
they may exert upon each other. Will the process of regeneration 
produce any effect upon the activities involved in molting, and vice 
versa? 

Since it is evident that, in the molting process, a certain amount 
of energy is being regularly directed into the production of a greater 
mass of tissue, and the formation of a new shell to accommodate 
the increasing size of the growing organism; and since it is equally 
evident that a certain quantity of energy is necessary for the produc- 
tion and development of a mass of new tissue in the regeneration of _ 
a limb, the further question arises:—if the two processes do influnce 
each other, is the interaction of such a nature as to indicate that 
the energy normally involved in the cellular activities of molting 
may be diverted into the other series of cellular activities, regenera- 
tion? 

The object of the present series of experiments is to study some 
of the relations existing between these two processes of regeneration 
and molting. 

The present experiments and observations were made, during the 
summer of 1905, at the Experiment Station of the Rhode Island 
Commission of Inland Fisheries, Wickford, Rhode Island. The 
lobster hatchery at this station furnishes unsurpassed opportunities 
to obtain, from the thousands of young lobsters hatched during the 
months of June and July, material for experimental work. 

The specimens selected for the experiments were young lobsters 
which had all molted to the same stage on the same day. By selecting 
a lobster pool in which the lobsters, perhaps 2,000 or more, were all 
known to be in a given stage, and by watching for the next molt, 
it was possible to obtain a large number of specimens which had 
molted to the same stage on the same day. Care was taken also 
to select only those individuals which were practically equal in size, 
and in a normal condition. The value of these specimens for com- 
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parative results becomes evident when it is considered that both 
the stage of the lobster and the season of the year greatly modify 
the length of the period between molts. 

The specimens selected in this way were next separated into two 
groups. The specimens of one group were then mutilated, while the 
lobsters in the other group were kept in a normal condition as con- 
trols. The molting period of normal individuals thus served as a 
standard with which to compare any variations in the molting of 
the other specimens, caused by the mutilation and resulting regenera- 
tion. 

The nature of the mutilations was also considered, for it is highly 
important, in comparing results, that the character and degree of 
injury be uniform. The requisite uniformity of the mutilations in: 
the lobster is easily obtained. By means of a special structure at 
the base of the legs and chilipeds, these limbs, when injured, are 
always thrown off by the animal at this particular region or breaking 
plane, a process known as autotomy.* In the present experiments. 
the mutilations were made by crushing the tip of the limb with 
forceps, and in every case the limb was dropped at the moment of 
injury. It is from the stump remaining after autotomy that another 
limb begins to bud and regenerate. 

It was attempted to conduct the experiments under conditions 
as nearly normal as possible. Both mutilated and normal lobsters 
were kept in cylindrical boxes with earthenware saucers, six inches 
in diameter, at the bottom, and these were suspended in the water, as 
shown in Plate XL. Thus each cylinder provided a free circulation 
of water. The lobsters were fed on minced clams and fish. A canvas 
awning was placed over all the cylinders, and every precaution was 
taken to keep the specimens in as nearly a natural environment as 
possible. 

Observations were made three times every day, morning, midday, 
and evening. A record was made of the date of molting for each 


*See Emmel, ‘‘ The Regeneration of Lost Parts in the Lobster.’’? Report of R. I. Com- 
mission of Inland Fisheries, 1904, pp. 88-89. 
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individual. Occasionally a specimen would be engaged in the act 
of molting just at the time of observation, but usually the lobsters 
would molt at some time during the interval between two suc- 
cessive observations; in that case the date of the first observation 
after molting was recorded as the date of the molt. 


M6 


EXPERIMENTS AND RESULTS. 


EXPLANATION OF TERMS. 


The following terms will be used with the meanings indicated 
below: 


Mutilation: An injury to a limb made in such a way that the 
lobster will throw the limb off by autotomy. 


Regeneration: The reproduction or growth of another limb to 


replace the one lost by mutilation. 


The process of regeneration: The series of cell-activities involved 
in the origin, development, and differentiation of the tissues 


and organs of the regenerating structure. 


The molting process: The series of cell-activities in the old tissue 
and skin which take place more or less continuously through- 
out the molting period; and which result in a growth of new 
tissue and the secretion of a new shell underneath the old one. 


The molt, or act of molting: The periodic culmination of the molting 


process, in which the animal casts off the old shell. 


The rate of molting: The length of time required by the process of 
molting to culminate in the act of molting. 


The molting period: The interval between two successive molts. 
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Tue EFrect OF REGENERATION UPON THE LENGTH OF THE 
PERIOD BETWEEN MOLTS. 


a. Experiments. 


The first question in regard to the relation between the processes 
of regeneration and molting is whether, in the lobster, the process 
of regenerating an appendage really has any influence upon the 
length of the molting period. This may be answered by comparing 
the length of the molting process in a group of normal lobsters with 
the length of the corresponding process in a group of regenerating 
lobsters. 

For this purpose, on July 8, 1905, 80 fourth stage lobsters were 
taken from one of the hatching pools. The specimens were selected 
out of several hundreds which had molted into the fourth stage 
during the night of July 7. They were all approximately of the 
same size and in normal condition. 

These 80 selected specimens were then separated into three groups 
which may be designated as series A, A,, and Ay.* The number 
of individuals in each group was as follows: Series A, 30; series A,, 
25; series A,, 25. The lobsters in series A were kept in a normal 
condition; the 50 specimens in series A, and A, were all mutilated 
by the removal of both chelipeds. The difference between series A, 
and A, consists in the time of mutilation. As the result of previous 
observations there were reasons to suspect that an injury occurring 
immediately after a molt might not perceptibly affect the length 
of the molting process. Accordingly, in order fairly to test the 
influence of regeneration, 25 of the lobsters were mutilated July 9, 
one day after molting to the fourth stage (series A,); and the other 
25 specimens were mutilated July 12, four days after molting to the 
fourth stage (series A,). 


*The sub-numerals indicates the number of days intervening between the time of mutila- 
tion and the preceding molt, as will be described. 
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b. Tabulation of Results. 


The records for series A, A,, and A, are arranged in Tables I, 
II, and III, respectively. The tables include the date of molting 
to the fourth and fifth stages; the time of mutilation; and the condi- 
tion of the specimen after each molt. The lobsters which died 
before molting to the fifth stage are not included in the tables. In 
every case where the specimen did not show regenerated chelipeds 
at the time of molting, the data for the molting period is placed in 
separate columns in Tables II and III. It may be noticed, also, that 
the data in all tables have been arranged in the order in which the 
individuals molted to the fifth stage. 

Chart VIII shows the frequency curves plotted for the data in 
Tables I and III. For the purpose of graphically comparing the 
frequency of molts in successive days for series A, and series A,, 
the lobsters have been grouped according to the number of individuals 
molting on the same day in each series. In Fig. I the ordinates 
‘show the number of individuals which molted on the dates indicated 
on the abscisse. 
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MOLTING PERIOD FOR NORMAL FOURTH STAGE LOBSTERS, 


| Number. 


TABLE I. 
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tet eee tteeeeteeettteereetttetes 


SERIES A. 
Molted to Condition Molted to eee 
Fourth Stage. Normal. Fifth Stage. Days Normal. 
1905. 1905. . 
OATHS 58S Ate gisteey «ssete ve Ae + Julypl'S:/6s baie eee 10.4 
rly Sse OcAty Mee asistow cic cc's + July 18: Gee Mee eee 10.4 
July 8; 8 A. + July 18; 6 P. M.. 10.4 
July 8; 8 A. ac |July 18; 6 P. M.. 10.4 
EVE SOA MEG hreie tera sale ae July 19; 8 A .M.. ACO) 
July 8; 8 A. + July 19; 8 A. M.. aa Ita) 
orl ive $263 De eee | =f July 19; 6 P. M.. 11.4 
July 8; 8 A. .| _ July, 19; 6 Bivens 11.4 
erhvasarseAc Mic ate «leccicse + July 19; 6 P. M... 11.4 
July 8; 8 A. ic July 19:°6)P: Nee 11.4 
July 8; 8 A. July? 20278 A] Mime eaete 12.0 
hip ee 4) \July 20;:8 Aa Moc see 12.0 
lye Sens At. WMsetic <6 sveieie + Aiba PAW Seba 6 12.2 
July 8; 8 A. | + July 205 25M eee cere 12.2 
th ygos SrA lactis <5)! ope + July 20702) Mis 2 erie erete 12.2 
July 8; 8 A. + July 20; 6 P. M... 12.4 
uly S Ne Meee sa | +  |July 20; 6 P. M... 12.4 
A RDI SOMSI IANS Ie eo ee ae | + July. 20; 6 P2 Meee eee 12.4 
July 8; 8 A. + July, 20; (6 2S Meee 12.4 
July 8; 8 A. | = July 20; 622 Mee nae 12.4 
July 8; 8 A. -| = July 21; 8 A. M.. 13.0 
July 8; 8 A. Steen July 21; 8 Aion rt sis0 
PHL Spe Si Men Ma etciess, seas | + July: 21. SAL Me eee 13.0 
July 8; 8 A. | a July 21; 8 A..M.. 13.0 
July 8; 8 A. eee s Suly 21; 2°PoM.- 13.2 
diving (ORC ANG eae ee etna | + July 22; 6 P. M... 14.4 
July 8; 8 A. 3 | aE July 23; 8 A. M.. 15.0 
and Sepia SSS Rs 6S SG DbI.0 Obl leat oll (GRC is OR RC: Cee Bene Ieee Avli2idays: |\iers see 
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Taste II, 
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MOLTING PERIOD FOR REGENERATING FOURTH STAGE LOBSTERS, MUTILATED 


ONE DAY AFTER MOLT. 


SERIES Aj. 

im Re r ieee on ee ae 
ener- egener- - - 

B) routh Stage | udlston. | Fuh Stage, |g, aed, [ating Lob-| erating 

S days. in days. 
1|July 8;9 A. M....|July 9; 9 A. M....|July 19;8 A. M.. +- TASOn Uae = 2he pec 
2\July 8;9 A. M....|July 9; 9 A. M....|July 19; 1 P.M.. a LR 2A PES 5 ak ce = 
3|July 8; 9 A. M....|July 9; 9 A. M....|July 20; 8 A. M. a TZOW viteeae, Shs oe 
A\July 8; 9 A. M....|July 9; 9 A. M....|July 20;8 A. M.. + 117720)" Ls deem Se 
5\July 8; 9 A. M....|July 9; 9 A: M....|July 20;1 P.M.. ob Deh Hicvde artes lee 
6|July 8; 9 .AM....|July 9; 9 A. M....|July 20;1 P. M.. Je ZOE lire Sut hoya 
7|July 8; 9 A. M....|July 9; 9 A. M....|July 20;1 P.M... + LAR ee eee 2 
8i\July 8; 9 A. M....|July 9; 9 A. M....|July 20;1,P.M.. -+- NI | ae eee Ss 
9\July 8; 9 A. M..:.|July 9; 9 A. M..../July 20; 1 P.M.. ob Say A ae ee 
10|July 8; 9 A. M....|July 9; 9 A. M....|July 20; 1 P. M.. + 1 JEP ce Te es 2 
11\July 8;9 H. M....|July 9; 9 A. M....|July 20;1 P.M... id Pit) | See A 122 
12|July 8; 9 A. M....|July 9; 9 A. M....|July 21; 8 A. M. ——— ey | | peer aero 13.0 
13|July 8; 9 A. M....|July 9;9 A. M....|July 21;8A.M.. = ashe that BORN 13.0 
14\July 8; 9 A. M..../July 9; 9 A. M....|July 21;1 P.M... ee eens rot a 13.2 
15|July 8; 9 A. M....|July 9; 9 A. M....|July 21; 1 P. M. oe ae a ee Ae 13g 
16|July 8; 9 A. M....|July 9; 9 A. M....|July 21; 1 P. M... + 11S gn eee mere ie oe 
17|July 8; 9 A. M....|July 9; 9 A. M....|July 21; 1 P.M.. + aS) ees ee 
18|July 8; 9 A. M....|July 9; 9 A. M....|July 21;1P.M.. + 1S ay ee se oe 
19|July 8; 9 A. M....|July 9; 9 A. M....|July 21;1P.M.. + PS Qh etl ® sysies eyes 
20|\July 8; 9 A. M....|July 9; 9 A. M....|July 22;1 P.M.. oo nD Ledge Ries meee Sica 
21\|July 8; 9 A. M....|July 9; 9 A. M....|July 22;1P.M.. = DA se val ek eg ee 

PAOD ODIO COUS lGO dos donb oop boc dlloenomaga awoos agi ice cacao ce Av.12.5| Av.12.9 

days. days 


All mutilations consisted in the removal of both chelipeds. 


-+ or —, respectively, indicate that the lobster did or did not regenerate the chelipeds before 
molting to the fifth stage. 
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TaBLeE III. 
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MOLTING PERIOD FOR REGENERATING FOURTH STAGE LOBSTERS, MUTILATED 


FOUR DAYS AFTER MOLT. 


All mutilations consisted in the removal of both chelipeds. 


SERIES Ay. 

Ke Molted D f Afolted Regener- eae Neco 
2 Fourth Stage. | Mutilation. Fifth Stage. Cheteode | ea ee 

5 days. in days. 
1|July 8; 8 A. M....|July 12;9 A. M...|July 20; 12 M..... a ‘LD QW Mae epee 
2\July 8; 8 A. M....|July 12;9 A. M...|July 21;8 A.M... + BES IFA 0 Neal Lorn een 

3\July 8; 8 A. M....|July 12;9 A. M...|July 21; 8 A. M Saye Milly et eae 13.0 
4\July 8; 8 A. M....|July 12;9 A. M...|July 21;1 P.M... + DS 2 Ui ete ae bewtonae 
5\July 8; 8 A. M..../July 12;9 A. M...|July 21;1 P.M + LS 2 ail Soe cae a meer 
6|July 8; 8 A. M....|/July 12;9 A. M...|July 21;1 P.M.. + LOZ oe neater ies 
W\JulyaSs 8 Ae Me. o\duly 129) A. M...|July 21; 1 P M.... + 1a S| (OP oh dae 
S\July 8; 8 A. M....|July 12;9A.M...|July 21;1 P.M... RT Mi hegeayennaces 13.2 
9\July 8; 8 A. M....|July 12;9 A. M...|July 21;1 P.M.. ——— a fh epviersnerarerare 13.2 
10|July 8; 8 A. M....|July 12;9 A. M...|July 21;1 P.M... a. 1S i BSS cn ke es 
11|July 8; 8 A. M....|July 12; 9 A. M...|July 21; 1 P. Me + TS 2") ave a eee 
12|July 8; 8 A. M....|July 12;9 A. M...|July 21;1P.M.. a PSI [nee ene eee 
13|July 8; 8 A. M....|July 12;9 A. M...|July 21;1 P.M.. + nS eri esclop tp ick ovis 
14|July 8; 8 A. M....|July 12;9 A. M...|July 21;1 P.M...) + BBS Sorrel een ste 
15|July 8; 8 A. M....|July 12;9 A. M...|July 22; 12 M.....| —— 7 Se Nee ierets 14.2 
16|July 8; 8 A. M....|July 12;9 A. M...|July 22;12M..... + VAD) Al ices eee 
17|July 8; 8 A. M....|July 12;9 A. M...|July 23;8 A.M... aL 1 OD eee eee 
18|July 8; 8 A. M....|July 12;9 A. M...|July 23;8 A.M... + PSO Serene ee 
19|July 8; 8 A. M....|July 12;9 A. M...|July 23;1 P.M... + AS Ziel ote aten tees 
20\July 8; 8 A. M....|July 12;9 A. M...|July 23;1 P.M.. + Dera Ieee Eolas oie 
21\July 8; 8 A. M....|July 12;9 A. M...|July 24;8 A.M.. + UGG eile 
22\July 8; 8 A. M....|July 12;9 A. M...|July 24;1 P.M. a. alo jios Nees ae A 
23\July 8; 8 A. M....|July 12;9 A. M...|July 27;8 A. M.. ae 1:9)" lise, oes 
Sho asdoocaw PAsou|lapooObOon ues 4000 leno plod Olekercieercicrct (Sreetcreieiercr rs Av. 14.2] Av. 13.4 

days. days 


+or—, respectively, indicate that the lobster did or did not regenerate the chelipeds before 
molting to the fifth stage. 
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c. Discussion of Results. 


A comparison of the data for series A, A,, and A, demonstrates 
a relation between the length of the molting period and the process 
of regeneration. 

Twenty-seven of the 30 lobsters in series A were in a normal condi- 
tion before and after molting to the fifth stage. Out of the 21 
lobsters which molted to the fifth stage in series A,, 16 specimens 
had regenerated the chelipeds. In series A,, 23 of the 25 specimens 
lived and molted; 19 of them had regenerated the appendages 
removed by mutilation. 

The average number of days in molting from the fourth to the 
fifth stage was as follows: Series A, 12 days; series A,, 12.5 days; 
and series A,, 14.2 days. In series A, the molting period was 2} 
days longer than the corresponding period for series A. In other 
words, the normal molting period was lengthened over 18 per cent. 
in the regenerating lobsters. 

The effect of regeneration in these experiments is also graphically 
illustrated by the frequency curves in Chart VIII. If the process 
of regeneration really has lengthened the molting period, then both 
the climax and the general position of the curve for the regenerating 
series A, should be to the right of the climax and position of the 
curve for the normal control series A. A comparative examination 
of the two curves plainly proves this to be the case; for the climax 
for curve A occurred July 20, while the corresponding climax for 
curve A, occurred a day later, July 21. Again, curve A, both 
begins and ends several days later than does curve A. Consequently 
the general outline or position of curve A, has been shifted to the 
right of the normal curve A. It is clearly shown, therefore, that the 
molting period for the regenerating series is longer than the corre- 
sponding period for the normal series. 

It may be noted that the form of these two curves is not quite 
the same. This is largely due, probably, to the smaller number of 
individuals in series A, than in series A. No doubt a larger number 
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of individuals would eliminate the irregularities in contour of the 
curves and make them very similar in outline. 

In regard to the value and conclusive character of these results 
it seems desirable to emphasize the fact that both series of lobsters. 
(i. e. series A and A,) at the beginning of the experiment molted 
to the same stage on the same day; were practically equal in size, and 
all in a normal condition. The only difference between these two 
series was that in four days after the beginning of the experiment 
the process of regeneration was introduced into one, with the result 
that the process of molting was delayed in the regenerating series 
to such a degree that the average length of the molting period was 
18 per cent. longer than the corresponding period for the normal 
series. 

The fact that the effect of regeneration seems to vary according 
to the time of mutilation, as shown in series A, as compared with 
series A,, will be considered under the next section. 

The results, however, of this experiment, together with the 
results of previous observations, and the experiments to be described 
later, indicate very conclusively that the molting activities of the 


lobster can be retarded by the process of regeneration. 


THE INFLUENCE OF THE TIME AT WHICH THE PROCESS OF REGENERA— 
TION IS INTRODUCED INTO THE PERIOD BETWEEN MOLTs, 
UPON THE LENGTH OF THAT PERIOD. 


In the description of the experiments of the last section it was 
observed that there were reasons for expecting that a regeneration 
which began immediately after a molt might not greatly influence 
the length of the molting period. That this expectation was justified 
may be seen by comparing the length of the molting period of series 
A, with the corresponding periods for series A and Ay. The data 
shows that while in the one case, where the mutilations were made 
four days after the molt, the resulting regeneration lengthened the 
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normal molting period by 18 per cent.; on the other hand, in the 
mutilations made one day after the molt, the resulting regeneration 
only increased the rate of molting by the small amount of 12 per 
cent. 

This marked difference in the results suggests the importance of a 
more careful study of the effect of introducing the process of regenera- 
tion at different times throughout the molting period. 


a. Hxperiments. 


The general plan of the following experiments was to select a large 
number of lobsters which are equal in age, are in the same stage, are 
approximately equal in size, and in a normal condition; to separate 
these specimens into two groups; the one for mutilation, and the 
other to be retained in a normal condition to serve as a control; 
then to subdivide the former group into a number of smaller groups 
and to mutilate the lobsters in these sub-groups at several different 
times. 

A more detailed description of the experiments is as follows: 
On July 21, 1905, at 9 A. M., 160 lobsters were selected which had 
molted to the fourth stage during the preceding night. Only those 
individuals were selected which were nearly equal in size and in a 
normal condition. Sixty of these specimens were reserved as con- 
trols; the remaining 100 specimens were subdivided into ten groups 
of 10 lobsters each. Four days after the molt, on July 25 at 9 A. M., 
the lobsters in one of these ten sub-groups were mutilated. The 
mutilation consisted in causing the removal of both chelipeds. On 
each succeeding day, at as nearly the same time (9 A. M.) as was 
possible, a similar operation was performed on another of the remain- 
ing sub-groups. Thus these ten mutilated groups of lobsters were 
arranged in a series characterized by a difference of one day in the 
time of mutilation in each case. 

For convenience in discussion the normal group will be desig- 
nated as series B; and the mutilated groups as series C4, C;, Cg, 
C,, Cg, Cg, Cy9, C14, Cyg and C,3;. The series numerals in each case 
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indicate the number of days after the molt before the mutilations 
were made. 


b. Tabulations of Results. 


Table IV contains the record of the date of molt, and the length 
of the molting period for each of the normal lobsters in series B. 
The specimens which died or were injured during the course of the 
experiment were discarded and are not included in the table. 

The data for the ten series of mutilated lobsters are arranged in 
Table V. The records for each series contain the data of molt, the 
time of mutilation, the length of the molting period, and the condi- 
tion of every specimen before and after each molt. The data for 
the individuals which had not regenerated the chelipeds by the 
time of molting are placed in a separate column, as may be seen in 
the table. 

A fact in connection with lobsters Nos. 43, 44, 45, and 46 in Table 
IV is worthy of note at this place. It may be seen by examining the 
table that by August 8 all the normal lobsters had molted to the fifth 
stage, but there were still four specimens left which did not molt 
till several days later. This tardiness in molting aroused suspicion, 
and a closer examination was made to ascertain whether these four 
lobsters were really in a normal condition. It was most interesting 
to discover that, without exception, each of these specimens had received 
injuries on the ventral side of the abdomen: three of the specimens 
were each regenerating a swimmeret, and on the fourth lobster as 
many as five of the swimmerets were missing. This case seems es- 
pecially interesting because, unintentionally, it is again shown 


that the tendency of regeneration is to retard the rate of molting. 


Se arn ee ie oo 


CAS Ce NO eNO COGN ayNOI® NS DSINS FINO: SRO IND eNO Ie bats Speak Pa ek ea ee ee ee ee eee 
Bo Ooo SN Go GO Rm WO NM =e Oo © ON Oo co FP 8 NS © 


REPORT OF COMMISSIONERS OF INLAND FISHERIES. 


273 


MOLTING PERIOD FOR NORMAL FOURTH STAGE LOBSTERS. 


Molted to 


Fourth Stage. 


1905. 


July 21;9 A. 
July 2;9A. 
July 21;9 A. 
July 21; 9 A. 
July 21;9 A. 
July 21; 9 A. 
July 21;9 A. 
July 21;9 A. 
July 21;9 A. 
July 21;9 A. 
July 21;9 A. 
July 21; 9 A. 
July 21;9 A. 
July 21; 9 A. 
July 21; 9 A. 
July 21; 9 A. 
July 21;9 A. 
July 21;9 A. 
July 21;9 A. 
July 21;9 A. 
July 21;9 A. 
July 21; 9 A. 
July 21;9 A. 
July 21;9 A. 
July 21;9 A. 
July 21;9 A. 
July 21; 9 A. 
July 21;9 A. 
July 21;9 A. 
July 21;9 A. 
July 21;9 A. 


M... 


= 


M.. 
M... 


Mires 


= 


Mire. 


M.. 


= & 


ie eee eee oe oe 


Bese 


TaBLeE IV. 
SERIES B. 
Condition. El sea 
1905. 
-|Normal.....|/Aug. 2; 8 A. M.. 
Normal.....|/Aug. 2; 5 P. M.. 
.-|Normal...../Aug. 2; 5 P. M... 
aiNormal....)|Ates os 0b bo Meer 
.|Normal.....|/Aug. 3; 1 P. M.. 
+(Normal.).< jAug. 3; iP: M.. 
.|Normal.....|/Aug. 3; 7 P.M... 
Normal.....|Aug. 4;1 P.M... 
-|Normal.....|/Aug. 4; 1 P.M... 
.|Normal.....|Aug.4;1 P. M.. 
a(Normals.......| Aug, 4°91 Ps Moo. 
Normal.....|/Aug. 4; 1 P. M... 
.|Normal.....|Aug. 4; 1 P.M... 
.|Normal.....|Aug. 4; 7 P. M... 
Normal.....|Aug. 4; 7 P. M... 
.|Normal..... Aig. 427 Ps Nie 
.|Normal..... AUE TS inl. wi. -- 
a) Normal... .|Aug. 5:1 P.M... 
7 (Normal... .|Aug: 5: 1 P.M. 
.|Normal...../Aug. 5; 6 P. M.. 
.|Normal.....|Aug. 5; 6 P.M... 
.|Normal.....|/Aug. 6; 8 A. M 
.|Normal.....|/Aug. 6; 8 A. M.. 
.|Normal.....|/Aug. 6; 8 A. M... 
.|Normal.....|Aug. 6; 8 A. M.. 
.|Normal.....|Aug. 6; 8 A. M... 
.|Normal.....)Aug. 6; 8 A. M... 
.|Normal.....|/Aug. 6; 1 P. M.. 
-|Normal.....|Aug. 6; 1 P. M... 
.|Normal.....|Aug. 6; 1 P.M... 
.|Normal.....)/Aug. 6; 6 P. M.. 


by ww 


mh Ow Nw Ge .o 6) 6 o-m meN 


bby eR PPR NS bY ob by oh Oh OP 


Condition. 


Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 
Normal. 


Normal. 


35 
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TABLE IV. 


MOLTING PERIOD FOR FOURTH STAGE LOBSTERS. 


2 


SERIES B.—Concluded. 


Z 
ey, 1905. | 1905. ; 

32 |July 21; 9 A. M...|Normal.....|/Aug.6;6P.M....| 16.4 Normal. 

33 |July 21;9 A. M...|Normal.....|Aug.6;6P.M....| 16.4 Normal. 

34 |July 21;9 A. M...|Normal.....|Aug. 7;8 A. M....| 17.0 Normal. 

35 |July 21; 9 A. M...|Normal...../Aug.7;8A.M....} 17.0 Normal. 

36 |July 21; 9 A. M...|/Normal.....|Aug.7; 8 A. M....| 17.0 Normal. 

Sal iiver t= OvA. M.....|Normal........ Aue 7; 20PaiMe. 2 7.2, Normal. 

38 |July 21; 9 A. M...|Normal.....j;Aug. 8; 10 A.M...| 18.0 Normal. 

39 |July 21;9 A. M...|Normal...../Aug. 8; 10 A. M... 18.0 Normal. 

40 |July 21;9 A. M.. diNeeeal 52 | Aue Saiieae vera) ml Sc Normal. 

41 |July 21; 9 A. M...|Normal.....|Aug. 8; 1 P.M.... 18.2 Normal. 

42 |July 21;9 A. M...|Normal.....|Aug.8;6 P.M....| 18.4 Normal. 

43 |July 21;9 A. M...|Not normal.|Aug.10;8 A. M...| 20.0 |5 swimmerets gone. 

44 |July 21;9 A. M...|Not normal.|Aug.10;8 A. M...| 20.0 |Reg. 1stright swimmeret. } 

45 |July 21; 9 A. M...|Not normal.|Aug.10;8 A. M...| 20.0 |Reg. 1st left swimmeret. ie 

46 |July 21; 9 A. M.. .| Not normal. Aug. 13; A.M...| 23.0 /|Reg. 2nd left uae 
mens Av. 15.4 fee 
sacl 30 5 dina B clceIOICICIs) CaEeE Clee nen EERIE Cal oucg onke days. 


*These four specimens had received injuries on the ventral side of the abdomen, and are not 
included in the general average. 
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LENGTH OF THE MOLTING PERIODS FOR REGENERATING FOURTH STAGE LOB- 


STERS IN WHICH THE MUTILATIONS WERE 


TIMES IN THAT PERIOD. 


SERIES C,. 


MADE AT DIFFERENT 


| 


No. | Malte ees || ummemmnani| ame | set |peee| See 
| chelipeds. | ShS>| S35> 
| | BHS0 | S238 
= | a 
1905. | 1905. 1905. 
1 |July 21;9A.M...|July 25; 9 A. M...j|Aug. 4; 7 P. M... _ ye te lee ian 
2 |July 21;9A.M...|July 25;9 A. M.. | Aug. 6elgPS Me: - PUES areca 
3 |July 21;9 A. M...|July 25; 9 A. M...|Aug. 6; 1 P. M.. 4+ GE 2a land. eae 
4 jJuly 21;9A.M... [July 255 9AG Me 5) Aue: 63) (P: M.. + Gare lS ko 
5 |July 21;9A.M...|July 25; 9 A.M...|Aug. 6;1P. M.. + GPa Nes) coe 
6 Lraty 21;9 A. M...|July 25;9 A. M...)/Aug. 6; 6 P. M.. + Geet ee 2. ane 
7 |July 21;9 A. M...|July 25;9 A.M... Aug. 7;5 P. M.. ze fee? are: 
8 |July 21;9A.M...|July 25;9 A. M...|Aug. 8; 10 A. M... + WSO Wen. Ne ee 
9 jJuly 21; 9 A. M... July 25; 9 A.M... Aug. 8; 1 P. Miss... oa Sn Tet ee, 
10 |July 21; 9 A. M...|July 25;9 A. M...|Aug. 9; 2 P. M.... + | OTe Nk. cescawe 
Ay. | | ‘Av. 16.8 
10 
GASES: ||... 2 .°2\. Crete cue tetetell nena PRR ee aa] Pen eee eee cee ee tS A eR dase 2 staleane 
SERIES C,. 
— el ee Ee = — 
1 July 21; 9 A. Me. .|ouly26300AS Mia Auge 5 "6 bP. Mo: . TY eee ee | 15.4 
2 |July 21;9A.M...|July 26;9A.M.../Aug.6;8 P. M.... + 16.0 | Se Stn xe 
3 |July 21;9A.M...|July 26;9 A. M...|Aug. 6;8 A. M.... = 16.0 | ee ce 
4 |July 21;9A.M...|July 26;9 A. M...|Aug.6;8 A. M.... — 16.0 [eve eceee 
5 |July 21;9 A. M...|July 26;9 A. M...;Aug. 7;2P.M.... + Gist) aloe cae 
6 |July 21;9A.M...|July 26;9 A. M...j|Aug. 7;5 P.M.... Te iin eo ae 17.3 
7 |July 21;9A.M...|July 26;9 A. M...|/Aug. 8; 10 A. M... + SOM am cis see ee 
8 |July 21;9A.M...|July 26;9 A. M...|/Aug. 8; 1 P. M.... + IRIS VA ae ees aoe 
OF) | Sully; 2 tO PAC Mi a Sulve 260 OACUM es cilities eto ee ess EFA Baie cy es pabbes aallaaguae 
10: , \July 21s ASM 2 Jule: 2 ACME 2 tek 8 ee oes hate eee eee at 
Av. 8 Av. 16.9 |Av.16.3 
CREE | Pisbents'o 0 8 Goa wo atl eoer a ret eats Cenc ee Papen Eee weir ell (na gee terrae days. days. 


*Did not live to molt to fifth stage. ; : : 
+ or —, respectively, indicate that the lobster did or did not regenerate the chelipeds be- 
fore molting to fifth stage. 
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LENGTH OF THE MOLTING PERIODS FOR REGENERATING FOURTH STAGE LOB- 


STERS, IN WHICH THE MUTILATIONS WERE MADE AT DIFFERENT 
TIMES IN THAT PERIOD.—Continued. 


SERIES Cy. 
a0 oi) 

a get | 225 
No. See ee Mee ete reese ony. rs a8 a = as a 
elipeds. | S&HS>| 9 wom 
Ee88 | S288 

1905. 1905. 1905. 
1 |July 21;9A.M...|July 27;9A.M...|Aug. 6;8 A. M...| + TGRO%y jeer 
2 |July 21;9A.M...|July 27;9A.M.../Aug. 6;1 P.M... + NG se ete ee 
So |July 21:9 AIM... iJuly 27;9 A. M...|Aug. 6; 1 P.M... + GF eae oeke 
4 |July 21;9A.M...|July 27;9A.M...j/Aug. 7;8 A.M... + AOR Wiaekrsrcccec 
5 |July 21;9A.M...|July 27;9A.M...)Aug. 7;2P.M.. -f. SAE ates. ea et 
Ge galys21-"9 AM. duly 27; 9 A. M...|Aug. 7355 Po M...| — AAAS Yak beasts etna ete 
Mean uly 2b OVAL Mi. |ouly 2039 A. M.:-|Aug. ‘9; 25° Mi: | + TON AF Ae a eee 
8 |July 21;9A.M...|July 27;9A.M.../Aug.10;6P.M...) 9 + Ty i ee et 
9 |July 21;9A.M...|July 27;9A.M...|Aug.11;6 P.M... + PAN Maree oi oh 
MOM aly OVAL ME. rel Olly, 275 QUA OM oo.).s se 2 21s) see. wreee FE ey feveds le svete |e saee isis eal | rote 
Av. 9 Av. 17 
CAROS mR ere ek cove be at sil eieyavetellovei cues v0) e,q,7% ile] o-oo e lero aus 8 ia,070 fobegevalltesepeeeua tereroeele SVSiyr lisence 
SERIES C,. 

1 |July 21;9A.M...|July 28;9A.M.. er 2 iP AiMeee IIE Pies eRe 122 
2 |July 21;9A.M...|July 28;9A.M.. \atiee 2 beer mB Mee dae hy 14-33 
3 |July 21;9A.M...|July 28;9A.M...|Aug.4;1 P.M... (Ee ir 14.2 
4 |July 21;9A.M...|July 28; 9 A. M. le (healers Wile + SQ Wiebe oso tiesto 
5 |July 21;9A.M...|July 28;9 A. M. RAGE 13 2PM + nly eS es aes 
6 |July 21;9A.M...|July 28;9 A. M.. Aue 75 PMc + UT Ss Wsteos Seas 
7 |July 21;9A.M...|July 28; 9 A. M.../Aug. 8; 6 P. M.. = ll cae ae 18.4 
8 |July 21;9A.M...|July 28;9 A.M.. Aug 9,2) PME. + OLD ey Wa eee 
9 |July 21;9A.M...\|July 28;9A.M...|Aug.9;6 P.M... a ORAS eitevee ere 
TOM Tultye AUR OVAC Mis 1 Jilly 2850 OAte MEL. (.\|\- see e.ss eis es\e 0's fd DEER Siri eckeciots ool Le ewckuroto oc 
Av. 9 | Av. 18.1 |Av. 14.3 

GHEOt |ls ab ote aoue. 4 BE la etstolord he AOI Getcha Nal CREE aPR EAN Peron ey hy oe days. days. 


*®Did not live to molt to fifth stage. 


-- or —, respectively. indicate that 


re molting to fifth stage. 


the lobster did or did not regenerate the chelipeds be- 
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STAGE LOB- 


STERS, IN WHICH THE MUTILATIONS WERE MADE AT DIFFERENT 


TIMES IN THAT PERIOD.—Continued. 


SERIES Cy. 
| Bs EEE 
Regener- | SE ¢ Bee 
No. ance weave! iggeaeeere: | Fith ane ated. z a B = es B 
| Chelipeds. LHe) 2Ho > 
| SAA) SHA 
1905. 1905. | 1905. 
1 |July 21;9A.M...|July 29;9 A. M... Aug. Pee ST ee —— er ee ets 12S 
2 |July 21;9A.M...|July 29;9A.M...|Aug. 3;7P. M.. Foal ies vo 13.4 
8 |July 21;9A.M...|July 29;9 A.M...|Aug. 4;7P.M.. Mall hah pee gee 14.4 
4 |July 21;9A.M...\|July 29;9 A.M...|Aug. 6;1 P.M.. —— stare cies,: 16.2 
5 |July 21;9A.M...|July 29;9 A. M.../Aug. 7;5 P. M.. + U7 all | Seta 
6 |July 21;9A.M...|July 29;9 A.M...|Aug. 8;10 A.M. | + TSPO hess sane: 
7 |Suly 21;9A.M...|July 29;9A.M...{Aug. 8;10A.M.) 9 + | ee 
8 |July 21;9A.M...|July 29;9 A. M.../Aug. 9;2P.M...| + Qe estos Me ge.crs 
9 July 21;9A.M.../July 29;9A.M.../Aug. 9;6P.M...) 9 + POA ME eee 
10 |July 21;9A.M...|July 29;9 A. M...|Aug. 10; 2 P. M...| + DOM OTN lens hole isis 
Tac. | 
10 Av. 18.7 |Av. 14.1 
(CECT AM bMS Ot -cer fy 9 |beccht ore, cir ok enh, Pe Cd Rance Oke oO cht Chen Ten arotoied IovCneet iene re days. days. 
SERIES Cy. 
1 |July 21;9A.M...|July 30;9A.M.../Aug. 3;1 P.M... a ie ee a 13.2 
2 |July 21;9A.M...|July 30;9 A.M.../Aug. 5;6 P.M... ae oe oly 15.4 
3 |July 21;9 A. M...|July 30;9 A. M...|Aug. 6;1 P.M... a ary 16.2 
4 |July 21;9A.M...|July 30;9A.M.../Aug. 7;8 A.M... “7 ROY NS te oe 
5 |July 21;9A.M...|July 30;9 A. M...|Aug. 9;2 P.M... + BORD Re te, oles 
6 |July 21;9A.M...|July 30;9 A. M...|Aug. 9;2 P.M... + OSD Wis ae F 
7 |July 21;9A.M...|July 30;9 A. M...|/Aug. 10; 2 P.M... + 20 sor) eae ae 
8 |July 21;9A.M...|July 30;9 A. M.../Aug. 23; 6 P.M... = | |icovcvee §23.4 
Oey | July 21e SPAS Mien aly. 307 QrAG Mone ln eneran ae tenet = lt) cuctchorticrcreiel cacao. Bo.go| jot lord oe 
LOM Fuly, ZU OeAe Mice | july; 30: QVACeMi es |p eee cre oe eed tS Met SR come PSA aiileuge sc, Sal s 
Av.8 Av. 18.9/Av. 14.9 
CREE | od DER SESS ad h.5|/SP oon co npeouolsollonoopopieoomoncma IsipboTuaedT days. days 


*Did not live to molt to fifth stage. 


+ or —, respectively, indicate that 


fore molting to fifth stage. 


§Lobster No. 8, Series Cy, seemed 


the average. 


the lobster did or did not regenerate the chelipeds be- 


such an exceptional case that it was not included in 
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TABLE V. 


OF INLAND FISHERIES. 


LENGTH OF THE MOLTING PERIODS FOR REGENERATING FOURTH STAGE LOB- 
STERS, IN WHICH THE MUTILATIONS WERE MADE AT DIFFERENT 
TIMES IN THAT PERIOD.—Continued. 


SERIES Cy). 


Bg 6 fa 
Areva) as 

Regener- | Sa% Be ao 

No Molted to Date of Molted to Ae “35 | £85 
3 Fourth Stage. Mutilations. Fifth Stage. Chelipeds. 3 22 a S 2% g 
BESA| beSA 

| piel gleah flee 
1905. 1905. 1905. 

De daily 21 97A0 MM... July 31:9 A. M.....\Aug.. 1:\6 P) M... a cy eee iis 
2) \suly 21-9 A. M...|July 31;9 A. M...jJAug. 4; 7 P.M...| sD gee 14.4 
3 |July 21;9A.M...\July 31;9A.M.../Aug. 5;1P.M... St ll Soc kyenate 15.2 
AP Suly 2 OVAL M. .. |July 31: 9 A. M.../Aug. 5; 1 P: M...| et en eee 15,2 
5 |July 21;9A.M...\)July 31;9A.M.../Aug. 9; 6P. so! a US Yo Hel Pears eee 
6 |July 21;9A.M...|July 31;9.A.M.../Aug.10;8 A.M...) 9 + BOO) eeeteere 
7 |July 21;9A.M...|July 31; 9 A. M...|Aug. 11; 2 P. M...| ae OHI ard Gtr. 
8 |July 21;9A.M...|July 31;9A.M.../Aug. 11; 6 P. M...| + QA Ae | |, tee ei cee 
9 |July 21;9 A.M...|July 31; 9 A. M...|Aug. 12; 5 A. M...| a PA ere ra fi lete tect AeA foe 
Mpa Suly ot: OAM. ..\July31;9A.M...|.........-1000. ‘| Sree eee a ee re 
Av. 9 |Av. 20.8|Av. 14.0 

BEET, || oss Cinta Wie Ce ELS PEO Ene PIE [MIRE tee RSet a peewee: days days. 

SERIES Cj). 
1 |July 21;9A.M...|/Aug.1;9 A.M..../Aug. 2:5 P.M... Se | Ret | iL 483 
2 |July 21;9A.M.../Aug.1;9A.M..../Aug. 2;5 P.M... eee on 11.3 
3 |July 21;9A.M...|Aug.1;9A.M..../Aug. 4;1 P.M... aa Wile, ico ee 14.2 
| 

4 |July 21;9A.M...|/Aug.1;9A.M..../Aug. 5:1P.M... ee oe eee 15.2 
5 |July 21;9A.M...)/Aug.1;9A.M..../Aug. 6;8 A.M... cee Wulles ira meta es 16.0 
6 |July 21;9A.M...|/Aug.1;9A.M..../Aug. 6;1 P.M... SS oe | 16.2 
7 |July 21;9A.M...|/Aug.1;9A.M..../Aug. 8;10A.M.. a Hee Wine coe 18.0 
8 |July 21;9A.M...)/Aug.1;9 A. M....|Aug. 10; 2 P.M... + 2052 ulicgeeOceee es 
9 |July 21;9A.M.../Aug.1;9A.M....)/Aug.13;5 P.M... —- PRraste | Woe aenco lS 
Cae willliygeol MORAL IME Ario TOCA Mir oN oc cb. cc sue ces | ee ard once h tlle sco ats 
Av 9 Av. 21.7\|Av. 14.6 

IC ARC EI Th yet per Pee AIO Ly (A ee le oe UL: Se days. days 


*Did not live to molt to fifth stage. . 
+ or —. respectively, indicate that the lobster did or did not regenerate the chelipeds be- 
fore molting to fifth stage. 
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TaBLeE V.—Concluded. 


SERIES Cyy. 


As ee 
Regener- S 3 a ‘i 3 a 
Ne: Fourth dtage. Mutilations. Fifth Stage. Chae = gos) Se Ss 
cipeds | Boe | Leas 
SERA) SSAA 
1905. 1905. 1905. 
1 |July 21;9A.M...|Aug.2;9A.M....|Aug. 3;6 A. M.. ey et ne ee 12.8 
2 |July 21;9A.M...|Aug.2;9A.M....;Aug. 3;1 P.M.. =" i ees eee 13.2 
3 |July 21; 9)A. M..-/Aug. 2;9 A. M....|/Aug. 4:1 PP. M.- SRP One 14.2 
4 |July 21;9A.M...|/Aug.2;9A.M..../Aug. 5;1 P. M.. — | ae eee lee GI 
5 July 21;9A.M...|/Aug. 2:9 A. M....|Aug. 5; 1 P.M.. <=", Uhre tan ena 15.2 
6 [July 21:9 A. M.. Aug. 2: 9-A.M.....)Aug. 7 8A. Mo.: Fe) Ae eee 17.0 
7 |July 21;9A.M...|/Aug.2;9A.M..../Aug. 7;8 A.M =| eeoee Ge 17.0 
8 |July 21;9A.M...|Aug. 2;9 A. M....|Aug.12;5 A.M Scie Pahoa 21.8 
9 (July 21;9 A. M...|Aug. 2;9 A. M....|Aug 12;6 P.M Set aieaera ee 22.4 
10 |July 21;9 A. M...|Aug. 2;9 A. M....|Aug. 13; 7 A. M a4 PHAS ie i Sed, 3 
Av.10, Av. 22.9/Av. 16.5 
(CRYSIS ea aI PR RS es cx rien hd cA See ae en PRR AN cary 6. OLS cere |b het: oh is eee ays. days. 
SERIES Cj5. 
1 July 21 OPAS Mee WAtir= 3-1 ORAe Menena Atipa ashlee Men ns | a Pere Sie 
2 |July 21;9A.M...j/Aug.3;9A.M..../Aug. 3;1 P.M... Sars Aes 13.2 
3) |duliy, 21; OF AS Mies Aug /0 Aa. Anes 4= Ps Me —- We Packs 14.2 
4 |July21;9A.M...\Aug.3;9A.M..../Aug. 5;6P.M...) —  |........ 15.4 
5 |July 21;9A.M...|/Aug.3;9A.M..../Aug 8;10A.M.. aa See 18.0 
60 | Juliy21= Oval Mss | Anis 9 VAS Mies Age: 8-6 PM. ee ale ae 18.4 
7 \Julys2U OVA Mer ATies ss OrAe Mees \ Atipsil Orr An oMn. 2 == een ee 20.0 
8 |July 21;9A.M...)/Aug.3;9A.M..../Aug.10; 6 A.M... + DATES ce 42, Set. 
9 |July 21;9 A. M...|/Aug.3;9 A. M....)/Aug. 13; 7 A. M... + Oras eto 
LOM Jialy 2 1GNG BAC EM aes | Ata SS OUAL OMe ne eet. | eens coer. Ed aatete ns eclipse eee erallteey at at 2 
Av.9 Av. 21.6|Av. 16.0 
(CBSEES Illy action 48 a a5 cue ela lone eIcr ae ants nreheiel oi eat enna isle. cou ees ae days. days. 


All mutilations consisted in the removal of both chelipeds. 
The sub-numerals in each series indicate the number of days after the molt before the mutila 


tions were made; thus “‘Series C, 


molting. 


*Did not live to molt to fifth stage. 
+ or —, respectively indicate that the lobster did or did not regenerate the chelipeds before 
molting to fifth stage. 


” indicates that the chelipeds were removed four days after 
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c. Discussion of Results. 


In series B, 42 lobsters molted to the fifth stage and were in a 
normal condition throughout the experiment. The average length 
of the normal molting period was 15.4 days. 

In the mutilated series, 91 of the 100 specimens molted to the 
fifth stage. In regard to the regeneration of the chelipeds, it may 
be noticed from the data in Table V that from series C, to series 
C,3, inclusive, there was a rapid decrease in the number of individuals 
which had regenerated the chelipeds by the time the molt occurred. 
The significance of this will be discussed later: for our present purpose 
we are only concerned with those specimens in which the process 
of regeneration was actually introduced and the chelipeds regenerated 
by the time the next molt took place. 

The average length of the molting periods of the regenerating 
lobsters is as follows: 


Series. Days. Series. Days. 
C, = 16.8 Cae seo 
Cc; = 16.9 On c= 2008 
Cc, = 17.9 Ge ies 
r= .18'.1 Ce een 
Ca 1877 Cy. DE 


Keeping in mind that the series numeral in each case indicates 
the number of days after the molt, before the chelipeds were removed, 
it is quickly seen that there is a gradual lengthening of the molting 
period, corresponding very closely with the time at which the re- 
generative process was introduced. 

This relation between the molting period and regeneration is 
even more clearly brought out by a comparsion of the percentage 
by which the normal molting period has been lengthened for each 
regenerating series. This is shown by the following figures, in which 
one column represents the percentage by which the molting period 
for the regenerating lobsters in the corresponding series has been 
lengthened as compared with the normal period: 
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Percentage Percentage 
of increase of increase 
in length of in length of 
Series. Molting Period. Series. Molting Period. ° 
1 
Site ici 9.0 Cheer oT 
(Ca yal oa 9.7 Comey a 35.0 
1 Y 
C, akin) mule, pe) wy eo, ey et 16 . 2 OFF J NaAp hate; je) a restated 40 9 
Sid le a 17.6 ‘abies acanenne sss 48.7 
) 1 
Cs, iis ere, wees, Ie 0, 6) ©. te, a ~ 1 . 4 C 13 op kal SA eee. Ste te.s 2 5am ©. 40 2 


From this comparison it is evident that in this series, in which the 
process of regeneration had been introduced at intervals ranging 
from four to thirteen days after the molt, there was an increase in 
the length of the molting period, as compared with the normal period, 
ranging from 9 per cent. to the remarkable amount of 48.7 per cent. 

The graphical presentation of the data, as shown in Chart IX, 
demonstrates in another way the nature of the results of the experi- 
ment. This chart represents the molting periods for the regenerating 
and normal lobsters in each series, and ‘furnishes a ready comparison 
both for the differences in the average time of molting and for the 
variation of the individuals of each series about these averages. 

The heavy black line slightly below the central part of the figure 
represents the average time in which the normal lobsters in series 
B molted to the fifth stage. The variations of these 42 specimens 
around this average are indicated by the dotted line crossing it near 
the centre. 

The upper part of the figure is broken up into ten segments 
representing the series C, to C,3, inclusive. The width of each 
segment is governed by the number of lobsters which regenerated 
the chelipeds in each series. The heavy discontinuous lines in each 
segment represent the average time of molting for the regenerating 
specimens of each series. It may also be noticed that the order of 
the segments is determined by the time of mutilation, so that the 
averages are, accordingly, arranged in a series corresponding to 
the time at which the regenerative process was introduced into the 
molting period. The light dotted lines indicate the variation about 


36 
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these averages. Finally, the differences in the levels of the lines 
representing the regenerating specimens indicate the extent to which 
the rate of molting has been delayed in the regenerating series, both 
as compared with each other and as compared with the rate for the 
normal specimens. 

The effect of introducing the process of regeneration at different 
times in the molting period may be readily perceived. Keeping in 
mind the significance of the elevation of different lines, it is im- 
mediately seen that the average date of molting for the regenerating 
specimens rises in an ascending series, corresponding in a remarkable 
way with the time of mutilation. Again, a comparison of the eleva- 
tion of the regenerating averages above the normal level shows a 
gradual increase in the length of the molting periods for each suces- 
Slve regenerating series. 

From a more detailed examination it is also apparent that the 
variation in the date of molting for both the regenerating and normal 
specimens, around their respective averages, is fairly constant; and 
that in the regenerating series, beginning with series C,, there is a 
gradual elevation of the point at which the variation begins. 

Thus from these comparisons of the averages for the date of molt- 
ing, and the individual variations about these averages, it seems very 
evident that there is an increasing delay in the time of molting for 
each series of regenerating lobsters; and also that this delay is 
closely correlated with the time at which the process of regeneration began. 

There is a slight irregularity in the averages for series C,,, Cys, 
and C,;; but it should be observed that, in series C,, and Qjg, 
there were but two specimens, and in series Cj), there was only one 
specimen, which actually regenerated the chelipeds: so that the 
comparative irregularity in the averages derived from such a small 
number of individuals does not detract from the essential character 
of the results. 

This experiment, then, clearly demonstrates that, if the regenera- 
tion of a cheliped begins immediately after a molt, the length of the 
molting period may be affected very slightly, if at all; that, on the 
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other hand, if the regeneration begins extremely late in the period, 
the molting period may be increased in length by even as much 
as 48 per cent., or,in other words, by nearly one-half the normal 
period. Accordingly, since the effect of the regenerative process in 
this experiment is fairly proportionate to the time at which it was 
introduced, the relation may be stated as follows: the later the time 
at which regeneration begins after the molt, the greater the length oj the 
entire molting period of the lobster. 

In estimating for comparative purposes the value of the conditions 
involved in the experiments so far described, the following observa- 
tion seems important. 

In the introduction to the present subject reference was made to 
the fact that the season of the year, or, rather, the temperature of the 
water, which is the essential condition in this instance, has a marked 
influence upon the length of the molting period. This effect is well 
illustrated by a comparison of the normal molting period for series 
A with the normal period for series B, in the preceding experiments. 

The lobsters in these two series, it may be recalled, were all in the 
same stage and in a normal condition. Accordingly it might natur- 
ally be expected that, in both series, the molting periods would be 
practically equal in length. But this was not the case, for while 
the average period for series A was only 12 days, the corresponding 
period for series B was 15.4 days; so that, instead of an approximate 
equality in length, there is a difference of 3.4 days, or an increase of 
over 28 per cent., in the average length of the normal molting 
period in favor of series B. 

During the course of the experiment with series B it was noticed 
that the general condition of the weather was cooler than it had been 
during the previous experiment; indeed, this was so evident that it 
suggested that this fall in temperature might account for the longer 
molting period for series B, and accordingly a note of this observation 
was made in the daily records. Now, since apparently the only dif- 
ference in the conditions involved in these two series of lobsters 
consisted in the time at which the experiments were made, it is 
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interesting to see to what extent the difference in the results may be 
correlated with a difference in temperatures. 

It may be seen from the data for these experiments that the molting 
period for series A extended over the interval between July 8 and 
July 22; while series B molted between the dates July 21 and August 
8. In order to ascertain to what extent there was a difference in 
the temperature for these two periods corresponding with the differ- 
ences in molting, a comparison of the water temperature during these 
periods is necessary. The following average temperature readings 
of the water are taken from the Station records.* 


Average Water Temperatures During the Periods jor Series 
A and Series B. 


Series A. Series B. 

SMa PS oes 3) 21: 74° duly Ae 2s 74° 
a LO oe 2s i TA: BS ily eZee. 74° 
Ja) 2 ee 74.6° July wieZ aires tae 72° 
Thole" a) rr Tele ualy ees eae, 73° 
Oe ee (hing JiilyeinZ buss ie 68 .5° 
“1/0 hth ee 15..5° Jualiven 2a ce. 69.5° 
Steals tad oe 74° Julie ete 68 .5° 
ONT ee 74° Jily a2 Oe eae 69 .5° 
Birailiyraietl Gis ze cs ~ 8 76° Jialygpa Ol see ee i2e 
‘oh ears eens Te 3 edi ya pated Lies aA file 
Sal OMS deh states 1650° Augusta ce 68° 
JRA ark ee ae 16..5° Alieuisty2 hen (2 68 . 5° 
EDitlise WZ Oj yk4e wet 74° fAUsuSt Saas. hoe 
Sietllryc2ke sev. a, 74° — 
Iii: arene 74° Average........ 70° 
AIVOT ARS 5). sls au 75° 


*See chart V, page 29, Report of Rhode Island Commission of Inland Fisheries for 1905. 

+After the closing of the lobster hatching season, the temperature readings at the station 

were not taken every day, so it was not possible to get daily readings for the month of 
August. 
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A comparison of these temperatures shows that during the first 
part of July the water was much warmer than for the last part of 
July and the first part of August, so that there was a difference of as 
much as 5° in the average temperature for these two periods in favor 
of series A. 

This comparatively large difference in temperature undoubtedly 
accounts, to a very large degree, for the corresponding difference in 
the normal molting periods for the two series of lobsters. This fact 
very clearly demonstrates the importance of securing similar condi- 
tions in season and temperature for experiments of this nature in 
order to obtain the most reliable data for comparative purposes. 

Again, it may also be observed in the above temperature readings 
that, during the latter part of July, there was a gradual decline in 
the temperature of the water. Now, since in the experiments with 
series C, to Cy, the last molts occurred at late as August 13, it 
might be suggested that, possibly, the delay in molting in these 
specimens may have been partly due to a decline in temperature 
as well as to the process of regeneration. That this could not have 
been the case, however, may be readily seen from the following 
temperature readings of the water up to August 13: 


PSUS Dadi acre ees, ois oe 68° 
VE YURSIDIS) 3474, A LU 68 .5° 
PAUP LPO alata scale mente tee lon 
Aas Gee Owls oe Ts 74° 
USUSE. UZ A 78° 


From these readings it will be seen that for some climatic reason, 
instead of a decline, there was a marked rise in the temperature 
of the water from August 1 to August 13. 

This marked increase in temperature during the latter part of the 
molting period for series C, to C,; would evidently tend to hasten 
rather than retard the rate of molting. Accordingly, the tempera- 
ture conditions in the latter part of this experiment, instead of 
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detracting, serve to emphasize the influence of regeneration in length- 
ening the molting period of these lobsters. 


4. 


THE INFLUENCE OF VARIATION IN THE AMOUNT OF REGENERATION, 
AS DETERMINED BY DIFFERENT DEGREES OF INJURY, UPON 
THE LENGTH OF THE PERIOD BETWEEN MOLTs. 


In the preceding study of the effect of regeneration upon the rate 
of molting it will be noticed that in all the experiments the mutila- 
tions consisted in the removal of the two chelipeds, and that, conse- 
quently, the amount of regeneration consisted only in the develop- 
ment of these two limbs; 7. e. the degree of injury and the resultant 
amount of regeneration was constant. 

The results of these experiments show that the effect of regeneration 
was to lengthen the molting period. In view of this fact the question 
arises whether, with an increase in the degree of injury, or, in other 
words, an increase in the amount of regeneration, there is also a 
corresponding increase in the length of the molting period. 


a. Hxperiments. 


At the time when the following experiment was made it was so 
late in the season that it was not possible to obtain lobsters which 
were in the same stage as the specimens in the preceding experiments. 
The only available source for material at this time was a group of 
sixth stage lobsters which were being kept for a study of the effect 
of regeneration upon the rate of growth. These lobsters had all 
been mutilated in the fifth stage, but they had regenerated the 
injured limbs and molted to the sixth stage in practically a normal 
condition. From this group of lobsters 12 specimens were selected 
which had all molted to the sixth stage at nearly the same time, 
August 24 and 25. Since the observations on the group of lobsters 
from which these specimens were selected were made but once a day, 
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and that generally during the forenoon, the date of molting to the 
sixth stage for each specimen is recorded as having occurred at 12 M. 

In order to secure better conditions for comparative purposes, 
these specimens were also selected in pairs, the members of which 
were equal in size. Accordingly these 12 lobsters were arranged into 
six groups, with two specimens of equal length in each group. 

Three days after the molt to the sixth stage each specimen was 
mutilated so as to cause the autotomy of some of the limbs. The 
degree of mutilation was such that one lobster in each group had only 
the right cheliped removed, while the other member of each group 
had both chelipeds and the third and fourth pairs of walking legs 
removed. Accordingly, in regard to the number of limbs removed, 
the degree of mutilation for half of these lobsters was six times more 
than for the remaining specimens. The group of specimens with 
only one cheliped gone will be designated as series D, and the other 
group, with the larger degree of mutilation, as series E. 

It is evident from the previous results that, if the mutilations in 
the present experiment had been made later in the molting period, 
the effect upon the length of the period would have been much 
greater. But, on the other hand, it is equally evident that in a later 
mutilation it is not so certain that the injury will be followed by the 
regeneration of the limb. Accordingly, in order to increase the 
chances that all the mutilations would be succeeded by the regenera- 
tion of the limbs before the next molt, the operations were made 
early in the molting period. If, however, the amount of regeneration, 
as determined by the degree of injury, has any influence upon 
length of the molting period, it seemed reasonable to expect that, 
even under these rather unfavorable conditions in regard to the 
time of mutilation, there ought to be some difference in the molting 
periods of these two series of lobsters corresponding to a difference 
in the degree of injury. 
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b. Tabulation oj Results. 


Table VI contains the records of the experiment. 
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The data 


includes the time of mutilation, the date of molting, and the condi- 


tion and length of each specimen after molting. The length of the 


lobster is the measurement from the tip of the rostrum to the end 


of the telson in millimeters. 


TABLE Val: 


THE INFLUENCE OF THE AMOUNT OF REGENERATION 


AS DETERMINED BY THE 


DEGREE OF INJURY, UPON THE LENGTH OF THE MOLTING PERIOD. 


SERIES D.—(Right Cheliped Removed). 


| | 
| | 
ne Molted to Length | Molted to Length | Molting 
Sixth Stage. in mm. Date of Mutilation. Seventh Stage. in mm. | in Days 
| | De 
F | | 
14 | Aug. 25; 12M 15.0 Aug. 28; 4 P. M. | Sept. 8; 8A.M.| 17.5 13.9 
16 | Aug. 24; 12 M. 1525 | Aug. 27; 4 P.M. | Sept. 10; 6 A. M.| -18.0 16.8 
Wiamlenue. 25> 12 M. 16.0 | Aug. 28; 4 P.M. | Sept. 12; 2 P. M. | 19.0 18.1 
| 
9 | Aug. 24; 12 M GOL AUS. 277.40. Menlo nee | Pee mls t,he 
Hl | | 
11 Aug. 24; 12 M i7ic0), | Aug. 27; 4.P. M. | Sept: 12.7 A.M. | 19.0 18.8 
| aug. 25; 12 M. a ky a3) Aug. 28; 4 P.M. | Sept. 12; 7 A, M. | 19.5 17.8 
Average “Average | Average 
» bebe lan ato eee NG Wiscvad: || ieee me patie meee as os seeeeee+++++-+|18.6 mm.| 17.1 dys. 


*Died September 11, before molting. 


SERIES E.—(Both Chelipeds, and Third and Fourth Pair of Legs Removed). 

13 | Aug. 24; 12 M. 15.0 | Aug. 27; 4 P.M. | Sept. 10; 8A.M.| 17.5 16.9 
15 | Aug. 24; 12 M | 15.5 Aug. 27; 4 P. M. | Sept. 12:72 Pee 18.3 TOR 
18 | Aug. 25; 12 M 16.0 | Aug. 28; 4 P.M. | Sept. 12; 1 P. M. 19.0 18.0 
10 | Aug. 24; 12M 16.0 | Aug. 27; 4P.M.t | Sept.12;4P.M.§ Win th 19.2 
8 | Aug. 24; 12 M 17.5 Aug. 27; 4P.M.* | Sept.11; 2 P. M.t 20.0 18.1 
12 | Aug. 24; 12 M WOW "| Acie 127-4 Me Sept. 11; 8 A. M. 19.0 if ats! 
eas Average | Average | Average 
Sagas | ge ochphe edo c quel! Gyan eta ects bocca Shoo) ims ae ido some Aaa 18.6 mm./18.2 dys. 


*First right leg gone at time of mutilation. 
+Fourth right leg gone at time of mutilation. 
tHad not regenerated fourth left leg. 

§Had not regenerated third and fourth right legs. 
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c. Discussion of Results. 


The results obtained show that the average length of the molting 
period for series D was 17.1 days; while for series E it was 18.2 days; 
or in other words, with the larger amount of regeneration in series 
EK as compared with series D, there was correlated an increase in 
the length of the molting period for Series E of nearly 7 per cent. 

The results of this experiment, therefore, seem to indicate that the 
relation between the length of the molting period and the amount 
of regeneration as determined by the degree of injury is that the 
greater the amount of regeneration the greater the length of the 
molting period. 

Whether this effect of amount of regeneration as determined by 
the degree of injury is in a direct ratio to the degree of injury, or 
whether it varies according to the time of mutilation, must be 
answered by fourther experimentation. 


5. 


THE INFLUENCE OF THE INJURY OF MUTILATION UPON THE LENGTH 
OF THE PERIOD BETWEEN MOLTs. 


It is evident that thus far one element involved in the conditions 
of the experiments has been disregarded; namely, the injury caused 
by the process of mutilation. 

The facts considered so far have shown that, when the process of 
regeneration was introduced into the molting period, the act of 
molting was delayed, and the cause for this increased length of the 
molting period was ascribed to regeneration. But it might be 
objected to this conclusion that, instead of the delay in molting 
being caused by the process of regeneration, possibly it may rather 
be due to the injuries attending the act of mutilation. It becomes 
important, therefore, to consider the effect upon the molting period 
of those mutilations which have not been followed by the regenera- 


tion of the removed limbs. 
37 
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a. Experiments. 


In the course of the preceding experiments quite a large percentage 
of the mutilated specimens had not regenerated the chelipeds by the 
time the molt following the mutilation occurred. Now the degree 
of mutilation in all these lobsters was exactly the same. Therefore 
the molting periods of those specimens which did not regenerate 
the chelipeds ought to furnish valuable data in regard to the effect 


of the injury itself of mutilation. 


b. Tabulation of Data. 


In the preceding description of Tables I, II], and V it was stated 
that, in series A,, Ay, and C, to C,3, a distinction had been made 
between those specimens which had, and those which had not, 
regenerated the chelipeds. Accordingly, the right-hand columns 
of these respective tables which show the results for the molting 
periods of these latter specimens contain the data necessary for the 


present purpose. 
c. Discussion of Results. 


An examination of the data for series A, in Table II shows that, 
out of the 21 lobsters which had been mutilated one day after the 
molt, five individuals had not regenerated the chelipeds before 
molting to the fifth stage. The average length of the molting 
period for these five specimens was 12.9 days. On the other hand, 
it may be recalled that the length of the corresponding period for the 
regenerating specimens in the same series was 12.5 days, while the 
normal molting period of the controls in this experiment was 12 days. 
From this it may be seen that there is practically little difference in 
the length of the molting periods for the regenerating and the muti- 
lated non-regenerating lobsters. Accordingly it seems evident that, 
just as in the case of the process of regeneration, so in the case of the 


injury of mutilation, it is equally true that, if the mutilation is made 
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immediately after the molt, neither the injury involved in the opera- 
tion nor the resulting regeneration materially affect the length of the 
molting period. Naturally, therefore, the results for series A, can 
not furnish an adequate comparison of the effect of the injury of 
mutilation with the effect of regeneration, because the mutilations 
were made too early in the molting period. 

Proceeding next to an examination of the data in Table III, it 
may be seen that only four of the 23 lobsters in series A, had not 
regenerated the chelipeds by the time of molting. The results, 
however, for this comparatively small number of mutilated, non- 
regenerating specimens, are very suggestive. For in this experiment 
the average length of the molting period for the regenerating lobsters 
begins to be longer than the corresponding period for the non- 
regenerating specimens, so that, while the average for the former was 
14.3 days, for the latter the average molting period was only 13.4 
days. It may also be noticed that the mutilations in this series of 
lobsters, instead of being made one day after the molting to the 
fourth stage, as in series A,, were made four days after the molt; 
and this suggests that, if there really is a difference between the 
effects of the injury of mutilation and the effect of mutilation plus 
regeneration, it ought to become more apparent in mutilations 
made still latter in the molting period. 

Accordingly, therefore, in passing to the next series of experiments, 
in which the mutilations were made at various times throughout the 
entire molting period, it might be expected that a difference between 
the molting periods for regenerating and the corresponding periods 
for the mutilated, non-regenerating lobsters would begin to appear; 
and it is surprising to what extent this is demonstrated in the results 
for series C, to Cg. 

It will be recalled that Table V contains the data for both the 

regenerating and the mutilated non-regenerating lobsters in series C4 
to Cj3. From these data the average length of the molting periods 
for the regenerating and non-regenerating specimens have been taken 


and arranged as follows: 
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Series. Regenerating lobsters. Non-regenerating lobsters. 
Gi) 8 ae Onna hss ree A 8 WGP S) CANS: <4 0.05 soya ae 
OEE eee 5.214. vis ogentonee pease TGUOP days: - cts 2 optete ae bear 16.3 days 
Greedy 2 8 «ftps bt er ee 9 (SVS... ceyek pepe ee Bee ee 
(QUE ARTEMIS Geol. Ghee ches WSO id eiys.t. 1 cee oe areas 14.3 days 
Cost) nia ere eae 2 180, days 22 ea ee ae 14.1 days 
Oe 7 Pee E Ce On ee eae 18.19 GaSe ise eee eee ee 14.9 days 
6 A ary ny cr ee ae 2.0). 8 Cay ee eles eo ae 14.0 days 
CARA att BBS ohn 2). 2h of: aN ary, Can eae 14.6 days 
Oe ieee a: eincc.e) 220 0 MORN s ees ct kes See 16.5 days 
Clas 'i-rehe Ga ik hae ae 2 Gc ayist se ot ieee ers tet 16.0 days 

PETA Bh ocatt! a ihaid S 19.4. dayss. | Averages? 3..3%-. 15.1 days 


A comparison of these two columns shows a remarkable difference 
in the molting periods. In every series the molting periods for the 
non-regenerating lobsters are shorter, and excepting Cg, are much 
shorter than the periods for the regenerating specimens, so that the 
averages for the columns representing these two classes, respectively, 
are 15.1 days and 19.4 days. In other words the average length of 
the molting periods for all the non-regenerating lobsters in series 
C, to Cy, were shorter than the corresponding average period for 
the regenerating individuals by as much as 4.3 days, or over 22 per 
cent. ; 

In order to obtain a better conception of the relation of these 
results to each other and to the normal molting period, the averages 
for series B and series C, to C,, have been graphically represented in 
Chart IX. The heavy black line crossing the figure slightly below 
the center represents the average normal molting period obtained 
from the 42 control lobsters in series B. 

The figure as a whole has been vertically divided into 10 equal 
sections, and beginning at the left each successive section corre- 
sponds to one of the 10 groups in series C, to Cjz. The heavy 
discontinuous line represents the regenerating individuals, while 


the dotted line indicates the non-regenerating individuals in each 
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series; also the length of each line corresponds to the number of 
individuals. It will also be observed that the elevation of the lines 
in each section, with reference to the normal level for series B, 
indicates the extent to which the average molting period has been 
lengthened or shortened in each case. 

Now if the injury due to mutilation is as great a factor as the 
process of regeneration in lengthening the molting period, it would — 
be expected that the general elevation of the dotted lines above the 
normal standard would be approximately equal and be practically 
coincident with the general level of the heavy broken lines. But it 
is readily seen that such is not the case; for the general levels of the 
dotted lines remain comparatively close to the normal standard. 
Consequently, instead of beginning at the left and taking a course 
coincident with the level of the broken lines in each section, the 
dotted lines or non-regenerating levels begin at the left and steadily ~ 
diverge from the broken lines or regenerating levels, and the majority 
of the dotted lines even lie below the normal. In other words, the 
average length of the molting periods for the mutilated non-regenerat- 
ing individuals is not only shorter than the periods for the regenerat- 
ing specimens, but in the majority of cases the non-regenerating 
period is even shorter than the normal molting period. 

Thus this graphical representation most clearly emphasizes the 
general character of the data; and the results of these experiments 
prove that the injury of mutilation alone does not, in general, 
materially lengthen the molting period. Therefore it seems evident 
that the injury due to the act of mutilation can not, to any great extent, 
account jor the increase in the length of the molting period produced by 


the process oj regeneration. 


6. 


THE INFLUENCE OF THE MOLTING PROCESS UPON THE REGENERATIVE 
PROCESS IN REGARD TO ITS RESPONSE TO MUTILATION. 


So far in the present study of the relation of regeneration to the 
molting process only one phase of the problem has been considered, 


* 
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7. e. the effect of regeneration upon the length of the molting period. 
But there remains an equally important aspect of the problem, 
namely, the relation in the opposite direction, consisting in the 
influence of molting upon the process of regeneration. 

Some data on the amount and rate of regeneration were taken in 
the course of the preceding experiments, but they are not sufficient 
to justify positive conclusions. It is intended to conduct another 
series of experiments on this subject, and by measuring the lengths 
of the regenerated limbs and the time in which they regenerated, 
under conditions varying in regard to the time of mutilation, degree 
of injury, the amount of food, etc., secure data for a more complete 
investigation of the factors influencing the process of regeneration 
in the lobster. 

As a preliminary, however, to such a further study, some of the 
present data furnish suggestive results bearing on one aspect of the 
subject; namely, the response of the regenerative process to mutila- 
tion, as influenced by the molting process. 

On first thought it would be most natural to expect that, whenever 
a limb is removed from the lobster, the process of regenerating it 
would immediately begin; and it might also be supposed that the 
regenerative process would respond with equal readiness to mutila- 
tions made either early or late in the molting period. But that this 
is not the case is shown by some of the results obtained in the course 
of the preceding experiments. 

In the experiments with C, to C,,, for example, it was attempted 
to introduce the regenerative process at different times in the molting 
period, but it was found very difficult to do so in the latter part of 
the period, because the removed limbs would not always regenerate. 
The extent of this difficulty may be readily seen by an examination 
of the graphical representation of the results for series C, to Cys, 
as shown in Chart IX. It will be recalled that the heavy dis- 
continuous lines and the dotted lines represent the regenerating and 
the non-regenerating specimens, respectively; and that the lengths 
of these lines are proportionate to the number of lobsters in each 
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series which did or did not regenerate the chelipeds before the next 
molt occurred. A comparison of the relative lengths of these lines in 
each successive section shows that, beginning at the left with series 
C,, in which all the mutilations were followed by regeneration, there 
was a gradual decrease in the number of regenerating individuals and 
a corresponding increase in the number of non-regenerating in- 
dividuals, to such an extent that, in series C,,, only two of the nine 
specimens had regenerated the chelipeds. In other words, the 
difficulty encountered in introducing the process of regeneration at 
later stages of the molting period increased to such a degree that over 
77 per cent. of the mutilations made in the later part of the period 
were not followed by the regeneration of the chelipeds. 

Accordingly, therefore, it seems evident that the process of re- 
generation does not respond with equal readiness to mutilations 
made at any time in the molting period; but that it varies according 
to the time of mutilation; so that while in the earlier part of the molt- 
ing period the process of regeneration practically always succeeds a 
mutilation, in the latter part of the period, on the contrary, the 
chances that a mutilation will be followed by the regeneration of the 


limbs may be reduced by as much as 77 per cent. 


sJ 


THe Errect OF REGENERATION UPON THE RATE OF GROWTH OF 
THE LOBSTER. 


It is a well-known fact that the lobster, as well as most crustaceans, 
increases in size and to all appearances grows only at certain periods; 
7. e. the time of molting. But of course this increase in size is not 
due to growth merely at the time of molting. The facts are that 
the animal has been growing more or less continually throughout the 
whole interval between two successive molts; but the hard chitinous 
shell or exoskeleton will not expand sufficiently to accommodate the 
growing organism; therefore the developing tissues and organs must 


increase in mass and compactness till the time of molting, and mean- 
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while a new shell is formed underneath the old one, and when the 
organizm is ready to molt a split occurs in the shell on the dorsal side 
of the body, between the carapace and abdomen; a series of laborious 
movements begin, and gradually the lobster emerges from his old 
shell. The compact tissues and organs, thus liberated from their 
unyielding covering, expand and consequently rapidly increase the 
size of the animal. 

Now, since this increase in the size of the lobster is so clearly 
correlated with molting, it is evident that whatever condition hastens 
or retards the frequency of molting must be regarded as an important 
factor in the growth of the organism. It has been shown in the 
preceding experiments that the process of regeneration, by retarding 
the process of molting, tends to diminish the frequency of molting. 
In view of these facts, therefore, it becomes important to study the 
effect of regeneration upon the rate of growth of the lobster. 


a. Hapervments. 


For the purpose of studying the effect of regeneration upon the 
growth of the lobster, comparison was made between the growth of a 
series of normal and regenerating lobsters, through successive molting 
periods. It is evident that, in order to compare adequately two 
series of this nature, it is important that the specimens should all 
be in the same stage and under similar conditions at the beginning 
of the experiment. At the time when these observations on growth 
were begun, however, it was so late in the hatching season that the 
specimens necessary for the present purpose could not be obtained 
from the hatchery. Accordingly,.the only adequate material at 
hand were the specimens in series B and series C, to C,3, remaining 
from the preceding experiments. These, it may be recalled, all 
molted to the fourth stage on the same night, July 21. Nineteen 
normal lobsters were available from series B and 36 were obtained 
from series C, to C,3. 

Since, in the preceding experiments, the individuals in series B 
and series C, to C,3 were, respectively, in a normal and regenerating 
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condition, naturally the method in the present experiment consisted 
in continuing to keep the lobsters from series B in a normal condition, 
and continuing to mutilate the individuals from Series C, to Cy., 
after every molt. These normal and regenerating lobsters will be 
designated as Group I and Group II, respectively. 

The mutilations in Group II consisted in the removal of both 
chelipeds, as before. If in any case the mutilation included also 
some of the legs, it was noted in the records. The mutilations were 
all made on about the third or fourth day after each molt, with the 
exception of those made after the molt into the fourth stage, which 
were a part of the previous experiment. ‘The limbs were removed 
at this time to insure a regeneration of the appendages before the 
succeeding molt. Although it is evident from the results of preceding 
experiments that later mutilations would have produced a greater 
effect upon the length of the molting periods, still the results from 
even the present mutilations were sufficient to show a distinct effect 
upon the growth of the lobster. 

Each specimen was placed in one of the wire screen cylinders 
previously described, and the two groups of lobsters were kept in as 
nearly the same conditions as possible. Observations were made 
once a day during the month of August and the first part of Septem- 
ber. Records for each specimen consisted of the date of molts, the 
time of mutilation, and the length and condition of the lobster after 
each molt. By the middle of September the lobsters had all molted 
to the seventh stage. After the middle of September it became 
necessary to discontinue the daily records, and only occasional 
observations and measurements were taken. On December 2nd a 


final measurement was recorded for each specimen. 


b. Tabulation of Results. 


Thirteen of the normal lobsters in Group I and 26 of the regenerat- 
ing specimens molted to the seventh stage and, with the exception 
of 4 specimens, lived up to December 2, the date of the last observa- 


tion. The data for these normal and regenerating lobsters are given 
38 
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in Tables VII and VIII, respectively. In order to secure. a better 
basis for comparison, the data for the other specimens in the experi- 
ment, which did not continue through to the seventh stage, are not 
included in these tables. Both tables show the date of molts, and 
the length and condition of each lobster after every molt; the time of 
mutilation for the regenerating specimens, and the length of the 
interval between molts, or, in other words, the length of the stage 
period for each individual. The length of each lobster is in milli- 
meters, and represents the length from the rostrum to the tip of the 


telson. 
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TaBLe VIII. 
Group II—Data on Molting Period of Regenerating Lobsters. 


FourtH STaGeE. 


FirtH Stace. 


iG oS) ee | Bo alee 2m |g 

s A 3 ela || ‘a Su hie 

1905. 
July 21; 9 A. M..|July 26..;Aug. 5..| — | 15 ||Aug. 10 (1)|Aug. 20..| + 
July 21; 9 A. M..|July 26../Aug. 5..| — | 15 ||/Aug. 10 (1))Aug. 20..} +- 
July 21; 9 A. M..|July 26..;Aug. 6..) + | 16 |/Aug. 10... Aug 21..) + 
July 21; 9 A. M..|July 26..|Aug. 7..| + | 17 ||Aug. 10....|Aug. 22. +| 
July 21; 9 A. M..|July 28..|Aug. 7..| ++ | 17 ||Aug. 10....|/Aug. 22..] +L | 
July 21; 9 A. M..|July 28../Aug. 7..| + | 17 ||Aug. 10....|Aug. 24..] + | 
July 21; 9 A. M..|July 29../Aug. 7..) + | 17 ||Aug. 10..../Aug. 24..] + | 
July 21; 9 A. M.. |July 25..|Aug. 8../-4+ (2)| 18 ||Aug. 12 (3)/Aug. 22..| + | 
July 21; 9 A. M..|July 25..)Aug. 8../+ (2)| 18 ||Aug. 12 (3)/Aug. 22..| 
July 21; 9 A. M..|July 29..);Aug. 8..| -F | 18 ||Aug. 13..../Aug. 24..| + | 
July 21; 9A. M..|July 26../Aug. 8..| + | 18 ||Aug. 13....|Aug. 29..] + | 
July 21; 9 A. M..|July 26../Aug. 8..| + | 18 |/Aug. 13 (1)/Aug. 25..| + 
July 21; 9 A. M..|July 25..|Aug. 9..| + ! 19 ||Aug. 13..-.|Aug. 24..| + | 
July 21; 9 A. M..|July 30..|Aug. 9..| + | 19 |/Aug. 13....|Aug. 24..] + 
July 21; 9 A. M..|July 29..;Aug. 9..| + | 19 |/Aug. 13.. . Aug Gy =e 
July 21; 9 A. M..|July 29..|Aug. 9..| + | 19 |/Aug. 13.. .|Aug. 31..| ++ 
July 21; 9 A.M .|Aug. 1../Aug. 10..} + | 20 ||Aug. 15....|/Aug. 25..| + 
July 21; 9 A. M..|July 27..|Aug. 10..|+ (2)| 20 ||Aug. 15. ..|Aug. 26..| + 
July 21; 9 A. M..|July 29..|Aug. 10..|-+ (2)| 20 ||Aug. 15 (4)|Aug 25..| + 
July 21; 9 A. M. .|July 30..|Aug. 10../+ (2)| 20 ||Aug. 15 (4)|Aug. 25..| + 
July 21; 9 A. oe July 27../Aug. 11..|+ (2)| 21 |/Aug. 15 (4)/Aug. 24..) + 
July 21; 9 A. M..|July 31../Aug. 10..) + | 20 |/Aug. 15..../Sept. 2..) + 
July 21; 9 A.M..|Aug. 3. |Aug. 13..|-+ (2)| 23 ||Aug. 17 (4)/Aug. 26..| -+ 
July 21; 9 A.M..|Aug. 2..|Aug.13..) + | 23 ||Aug. 17..../Aug. 28..| ++ 
July 21; 9 A. M..|July 31..{Aug. 13..| + | 23 |/Aug. 17....|Aug. 29..| + 
July 21; 9 A. M.. |July 30../Aug. 13.. 23 ||Aug. 17 (1)|Aug. 27..| + 
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Removed 2nd pair of legs. 
Regenerated only one cheliped. 
Removed left cheliped. 
Removed cheliped and 2nd pair of legs. 
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Tasie VIII. 
Group II.—Data on Molting Period oj Regenerating Lobsters——Concluded. 
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(5) Removed both chelipeds and 3rd and 4th pair of legs. 
(6) Removed cheliped and 3rd right leg. 
(7) Removed right cheliped. 
(8) Fourth left leg gone. 
(9) Removed cheliped and 2nd right leg. 
(10) Second right leg lost in molting. 5 f d 
_ + or —, respectively, indicates that the lobster did or did not regenerate the mutilated 
limbs before molting. 
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c. Discussion of Results. 


The results of this experiment furnish three points of comparison: 
(1) the frequency of molting; (2) the increase in size; and (8) the 
the combination of (1) and (2), or the rate of growth. 


(1) The Frequency of Molting. 


An examination of the data in Tables VII and VIII shows a 
marked difference in the length of the molting periods for each stage 
of normal lobsters in Group I, as compared with the corresponding 
stages of the regenerating specimens in Group II. The average 
length of the molting periods for the fourth, fifth, and sixth stages. 
are as follows: 

Fourth stage Fifth stage. Sixth stage. 
Group I, normal period........ 14.8 days 13.4 days 15.7 days 
Group II, regenerating period.. 18.9 days 16.0 days 18.0 days 


It is evident from a comparison of these periods that, at each 
stage, the average length of the molting period for the regenerating 
lobsters is much longer than the normal period. Accordingly, while 
the normal lobsters molted from the fourth to the sixth stage in 
43.9 days, on the other hand, the regenerating specimens required 
52.9 days to molt to the same stage. In other words, the process 
of regeneration delayed the frequency of molting to such an extent that 
the length of the normal interval from the beginning of the fourth to the 
beginning of the seventh stage was increased by over 20 per cent. 


(2) The Increase in Size. 


It may be seen from the tables that the final measurements on 
December 2nd gave the following results for the average length of 
the lobsters in Group I, normal specimens, 30.3 mm.; Group II, re- 
generating specimens, 27.4 mm. In other words, at the end of the 
experiment on December 2 the normal lobsters were 10.5 per cent. 
larger than the regenerating lobsters. 
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The significance of these results is readily perceived from a com- 
parison of the conditions involved. It will be recalled that, at the 
beginning of the experiment, the lobsters in Group I and Group II 
had molted to the fourth stage on the same day, July 21, and were 
practically equal in size.* 

The specimens in Group I were kept ina normal condition, while 
the specimens in Group II were mutilated after each molt. According- 
ly, the only essential difference in the conditions between these two 
groups of lobsters consisted in the fact that in one group the lobsters 
were regenerating mutilated appendages, while in the other group 
the lobsters were in a normal condition. Therefore it seems evident 
that the introduction of the process of regeneration into Group II 
has, in the course of 134 days, resulted in a difference of 10.5 per 
cent. between the size of the regenerating and normal lobsters in 
favor of the latter. , 

It is evident that a closer comparison of the effect of regeneration 
on the increase in size may be made by comparing corresponding 
stages in the two groups of lobsters; for it may be observed that the 
measurements for December 2 do not all represent the same stages. 
For example, on December 2 lobster No. 49 was still in the eighth 
stage, while most of the other specimens were probably in either 
the ninth or tenth stages. Accordingly, a more exact comparison 
can be obtained from the data for the fifth, sixth, and seventh stages, 
in which every specimen was measured after each molt. For these 
stages the Tables VII and VIII show the following averages: 


*(It may be noted that the length for the fourth stage are not given in the tables. When 
these specimens were selected in the preceding experiments, they were all so nearly equal in 
size that it was not thought necessary to measure each individual, and so unfortunately the 
exact fourth stage length for each specimen was not obtained. Some of the preserved fourth 
stage specimens from Series B and Series C, to C,3 were however, measured later, and the 
average length was 13.9 mm.) 
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Fifth stage. Sixth stage. Seventh stage. 
Group I, 
Average length of normal lobsters 15.8mm. 18.4mm. 21.5 mm. 
Group IT, 
Average length of regenerating 
| CLSSFICI FS eee Skene ee 146mm. 16.4mm. 19.0 mm. 


It may be seen from these results that the normal and regenerating 
specimens, in going from the fifth to the seventh stage, gained in 
length 5.7.mm. and 4.4 mm., or 36.1 per cent. and 30.1 per cent., 
respectively; from the records in the tables it may also be seen that 
the former specimens molted from the fifth to the seventh stage in 
29.1 days, and the latter specimens in 34.0 days. Accordingly, 
within about a month, the normal lobsters had not only molted 
sooner, but had also increased in size 6 per cent. more than the 


regenerating lobsters. 
(3) The Rate of Growth. 


By combining the data for the length of the lobster, the increase 
in size, and the length of the molting period for both normal and 
regenerating lobsters an exact comparison of the effect of regenera- 
tion upon the rate of growth can be made. For this purpose the data 
for the rate of growth has been taken from Tables VII and VIII 
and grouped together in Table IX. 
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TaBLe IX. 
Rate of Growth for Normal and Regenerating Lobsters. 
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Table IX contains the data for the rate of growth from the fifth to 
the seventh stage. The column “days” gives the interval between 
the fifth to the seventh molt. The data for the lengths of the lobsters 
for the fifth and seventh stages in Group I and Group II were 
taken directly from Tables VII and VIII, respectively. The column 
“increase in length”’ states the difference between the lengths at the 
fifth and seventh stages. Dividing the increase in length by the 
length of the seventh stage specimen gives the amount of increase 
per unit length of the normal; 7. e., the “increase in length, per cent.”’ 
The quotient obtained by dividing the increase in length per cent. 
by the number of days in which that increase took place equals the 
amount of growth for a unit of size in a unit of time; this may be 
termed the “ Specific Rate of Growth.” 

A comparison of the results for Group I and Group II in Table IX 
shows a marked difference between the rate of growth for the normal 
and for the regenerating lobsters; while the average rate of growth 
for the normal specimens was 1.15, it was only 0.87 for the regenerat- 
ing specimens; a difference of over 24 per cent. 

Therefore, since the only difference in the conditions for these two 
groups of lobsters consisted in the fact that the process of regenera- 
tion was introduced into one group of specimens and not into the other, 
the results of these experiments seem to show conclusively that the 
process of regeneration retards the growth ot the lobster, so that the 
introduction oj the process even early in the molting period may reduce 


the rate of growth more than 24 per cent. 


TE: 
GENERAL Discussion OF RESULTS. 


It would be premature to attempt to formulate a general theory 
for the interaction or regulation existing between the processes of 
regeneration and molting, for the present evidence deals only with 
one aspect of the relations. It is evident that a more adequate 
amount of evidence should include such data as the amount and rate 
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of regeneration under conditions differing in regard to the degree 
of injury, molting, etc. But at this stage of the investigation it 
may be of value briefly to discuss the general nature and significance 
of the results derived from the present experiments, as a preliminary 


to further study. 


1. The object of the present series of experiments was to as- 
certain whether there was any regulation or interaction existing 
between the processes of regeneration and molting. The results have 
demonstrated that there is an interaction of such a nature between 
these two processes that the introduction of the one, regeneration, 
into the organism will disturb the normal activity of the other, 
the molting process. Further,it may be seen, also, that the funda- 
mental fact underlying the present results is, that the rate of the 
cellular activities involved in the molting process is retarded by the 


cellular activities concerned in the process of regeneration. 


2. The character of the relations between regeneration and the 
molting process, as studied so far, suggests an explanation of the 
interaction on the basis of a variation in the distribution of available 
energy. 

If we analyze the cellular activities involved in the two processes 
of regeneration and molting it is evident that, although the process 
of regeneration differs in one respect from that of molting, inasmuch 
as regeneration involves the origin, development, and differentiation 
of new tissues, while the molting process consists only in a develop- 
ment and increase in the amount of tissue and the secretion of a new 
shell, yet both regenerative and molting process alike involve the 
multiplication and development of new cells from old cells already 
present in the organism. Now it is a fundamental fact in physiology 
that one of the essential conditions determining the rate of cell 
multiplication and development is the amount of energy of the food 
material assimilated by these cells. Therefore, since the process of 
regeneration has reduced the rate of molting, it would seem most 
natural to explain this result by the assumption that the regenerating 
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cells have utilized a part of the energy of food material normally available 
jor the cells concerned in the process of molting. 

This assumption seems to be strongly supported by the compari- 
son of the effects of those mutilations in the preceding experiments, 
which were followed by the regeneration of the chelipeds, with the 
effect of mutilations which were not succeeded by this regeneration. 
In both cases the initial disturbance of the organism, due to mutila- 
tion, was exactly the same. Now if the assumption that the regen- 
erating limbs utilize a portion of the energy normally available for 
the process of molting is correct, then there would be more energy 
diverted from the molting process in the regenerating specimens than 
in the mutilated, non-regenerating ones, and the rate of molting for 
the non-regenerating specimens would be greater than the rate for 
the regenerating specimens. The results of the experiments demon- 
strated that this was actually the case. 

Again, it is evident that this assumption that the regenerative 
cells divert and utilize some of the energy normally available for 
molting is in accord with those results in the experiments which 
show that the greater the amount of regeneration, as determined by 
the degree of injury, the slower the rate of molting; and that the 
later the process of regeneration is introduced after the molt, the 
greater the length of the whole molting period. 


3. An important phase of the problem of regeneration is to 
determine in what respects this phenomenon is similar to the process 
of growth. The fact that in these experiments the process of re- 
generation retarded the process of molting and decreased the rate of 
growth seems to support the theory that “the phenomenon of regener- 
ation belongs to the general category of growth phenomena.”* For if 
the assumption is correct that the regenerating cells have, either 
directly or indirectly, utilized the energy which otherwise would 
have been distributed to the cells involved in the molting process, 
then it is evident that we have here energy available either for the 


*(Morgan T. H. Regeneration, 1901 page 292.) 
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process of regeneration or for the process of growth involved in the 


molting activities: 


4. The fact that the regenerative process does not respond with 
equal readiness to mutilations made at different times in the molting 
periods appears especially significant, for two reasons: 


(a) It suggests the existence of an important internal factor 
influencing the process of regeneration. For, whether a regeneration 
of the limbs shall succeed a mutilation or not is apparently largely 
determined by the condition of the molting activities; so that, when 
the molting process is approaching the climax of the molting period, 
an inhibiting influence is exerted upon the regenerative process. 

While the present data may not throw much light upon the nature 
of this inhibiting influence, it is interesting to note the modification 
which they seem to necessitate in the theory of the distribution of 
energy to the regenerating cells. Since the energy for regeneration 
does not seem to be equally available at later stages of the molting 
period, it appears that there 7s a tendency toward an increasing stability 
or permanence in the channels of energy distribution, so that as the 
molting process approaches its culmination it becomes more and more 
difficult to divert energy into the cellular process of regeneration. 

It is evident, however, that a different conclusion is also possible. 
For the regenerating cells may fail to respond readily to mutilations 
made late in the molting period, not because the energy of food 
material is unavailable for assimilation, but rather, because the power 
of assimilation in the cells themselves has been modified. This latter 
conclusion brings us to the recognition of an alternative hypothesis 
for the relation between regeneration and the process of molting, 
namely, that the interaction between the two processes may consist 

n a direct variation in the power of assimilation in the cells concerned, 
as well as a variation in the material available for assimilation. 

(b) The fact that the process of regeneration does not respond 
with equal readiness to mutilations made at later stages in the molt- 
ing period raises the question as to whether there is a tendency in 
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the regenerative process to regenerate a functional limb before a 
molt occurs. Perhaps it may be of interest to digress for a moment 
to a discussion of this question. 

It would seem most natural to suppose that the process of re- 
generation would begin the reconstruction of a'limb at any time in 
the molting period, even though it may not be possible for the 
reconstruction process to go far enough to develop a functional 
appendage before the next molt takes place. Now, if this supposi- 
tion is true, it ought to be a common occurrence to find that injured 
or mutilated lobsters show, after molting, regenerating limbs in all 
stages of development, ranging from minute papille to large-sized 
but non-functional buds. But this does not seem to be the case. 
Indeed it is remarkable how uncommon it is to find a recently 
molted lobster with its regenerating appendages in any other condi- 
tion than normally functional or entirely undeveloped. 

During the experiments of the present season every opportunity 
was taken to observe the condition of regenerating limbs of molting 
lobsters. The result was that, out of a comparatively large number 
of mutilated and molting lobsters, only a few cases were found which 
showed any partially developed regenerating limbs after a molt. 

One of the instances of such a case is illustrated in Plate XLI, Figs. 
I and II. These two figures show the stumps or basipodite of the 
third left leg of an 8-inch lobster before molting (Fig. I) and after 
the molt (Fig. II). Just before molting this stump showed a small 
regenerating papilla (Fig. I, Reg.); after the molt the regenerated 
structure could be seen as a small elevation on the molted stump 
(Fig. II, Reg.). 

The data for the specimen on which this regenerating papilla was 
found, is as follows: Length of lobster before molting, eight inches; 
sex, male; July 18th both chelipeds and the second and third pair 
of walking legs were removed by autotomy. The following records 
were made on the condition and amount of regeneration which 


occurred after the mutilations were made: 


/ 
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Chelipeds. Second Pair of Legs. Third Pair of Legs. 


1905. Right. Left. Right. Lejt. Right = Lejt. 
Aug.18 6mm. 6mm. papilla papilla papilla papilla 
Aug.29 13mm. 13mm. 7mm. 2 mm. papilla papilla 
Sept.9 19mm. 19mm. 13mm. 8 mm. 53mm. _ papilla 
Condition 
after molt Both Both Non- 
Oct. 5, functional functional Functional —_ functional 


It may be seen from these data that the six limbs were all removed 
49 days before the next molt, and that five of these appendages 
regenerated and molted as functional limbs, while on the other hand 
the slight regenerative activities in the third left leg merely produced 
a structure which molted as the very small non-functional papilla 
shown in Fig. II. 

This case, therefore, shows that it may be possible for the regenera- 
tive process to start up without resulting in the reproduction of a 
functional limb by the time of molting, even when the mutilation is 
made early in the molting period. But since it is extremely rare to 
find such a partially developed non-functional limb after a molt, 
it is evident that a partial regeneration of this character must be 
regarded as exceptional rather than typical. This, together with the 
fact that the process of regenerating does not respond readily to 
mutilation in the latter part of the molting period, seems to support 
the conclusion that there is a tendency in the regenerative process to 
begin only when the conditions are such as to favor the development of 
a functional structure before the act of molting takes place. 

5. While the present experiments were being made, Zeleny,* 
published the results of some experiments on regeneration in adult 
crayfishes. The experiments consisted in the comparison of the 
rate of regeneration and the rate of molting in two series of regenerat- 
ing crayfishes, in which the degree of injury in one series was greater 
than in the other. 

The results in the crayfish, with reference to the rate of molting, 


*(Journal of Experimental Zodélogy, II, 1905.) 
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were that the individuals with the greater amount of regeneration, 
as determined by the degree of injury, molted sooner than the 
individuals with the lesser amount of regeneration. In other words, 
an increase in the rate of molting seemed to be correlated with an 
increase in the amount of regeneration due to an increase in the 
degree of injury. In view of this fact it becomes evident that the 
results from the present experiments on young lobsters acquire an 
additional interest because they seem to contradict this. For the 
results in series D and series E show that there was not only no 
increase, but rather a decrease, in the rate of molting as correlated with 
the greater or lesser degree of injury and regeneration. 

This interesting difference in the results for these two crustaceans 
shows the importance of further study of the factors involved in the 
interactions existing between the process of regeneration, the degree 


of injury, and the process of molting. 


Pye 
SUMMARY OF RESULTS. 


The results from the present series of experiments seem to demon- 


strate clearly the following points: 


1. That the effect of the process of regeneration is to retard the 
process of molting, and increase the length of the period between 
two successive molts. 

2. That this effect varies in degree, however, directly as the 
time at which the process of regeneration is introduced into the 
molting period; so that the later the regenerative process is intro- 
duced into the molting period, the greater is the length of that 
period. 

3. And again, that this effect also seems to vary more or less 
directly with the amount of regeneration as determined by the degree 
of injury, so that the greater the amount of regeneration the greater 
the length of the molting period. 

4. That these results are due to the process of regeneration and 


not the effect of the injury caused by mutilation, is shown by the 
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fact that the average length of the molting period for those lobsters 
in which the mutilations were not succeeded by the regeneration of 
the limbs, was not only less than the length of the molting period for 
the regenerating specimens, but also in a large proportion of cases 
was even shorter than the molting period for the normal lobsters. 

5. The response of the regenerative process to mutilation varies 
according to the time of injury; so that while a mutilation made 
early in the molting period is almost invariably immediately suc- 
ceeded by a regeneration, a mutilation made late in the period is 
rarely followed by the regeneration of the limb before the next 
molt takes place. 

6. And finally, the results show that the process of regeneration, 
by retarding both the frequency of molting and the increase in size, 
retards the rate of growth in the lobster. 
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PLATE XL.—Showing the cylinders in which individual lobsters are confined for observation and experiment. 


Number of individuals. 


Cnart VIII.—Frequency curves for comparing the rate of molting for the normal and regenerating 
fourth stage lobsters in Series A, and Series A,. 
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Cart IX.—Showing the effect upon the rate of molting of introducing the process of regeneration at different times in the molting period, in fourth stage lobsters. 
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CHART X.—Comparison of the effect of mutilation and the effect of mutilation plus regeneration, upon the length of the molting period in fourth stage lobsters. 
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FISHERIES LAWS OF RHODE ISLAND, 1905. 


{Compiled by the Commissioners of Inland Fisheries.] 


GENERAL LAWS. 


CHAPTER 1. 


The jurisdiction of the Commissioners of Inland Fisheries covers the territorial 
limits of the State as given in the following two sections of chapter one, and 
covers all the fisheries of the State except the oyster and scallop fisheries, which 
are under the jurisdiction of the shell fish commissioners. 

Secrion 1. The territorial limits of this state extend one marine league 
from its seashore at high water mark. When an inlet or arm of the sea does not 
exceed two marine leagues in width between its headlands, a straight line from 
one headland to the other is equivalent to the shore-line. The boundaries of 
counties bordering on the sea extend to the line of the state as above defined. 

Src. 2. The jurisdiction of the state shall extend to, and embrace, all places 
within the boundaries thereof, except as to those places that have been ceded to 
the United States, or have been purchased by the United States with the consent 
of the state. 


CHAPTER 171. 
Of Certain Fisheries. 


Secrion 1. Every person who shall set or draw_any seine in any part of the 
river running from Warren river through the town of Barrington, except that 
part lying north of the Congregational church building in the said town of Bar- 
rington, shall forfeit twenty dollars. 

Src. 2. Every person who shall set or draw any seine or net in Easton’s 
pond in Newport and Middletown for the purpose of catching fish, or shall set 
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any such net or seine in the creeks or inlets of said pond above the bridge at 
Easton’s beach, shall be fined twenty dollars or be imprisoned ten days. 

Sec. 3. Every person who shall set or draw any seine or net in Kickamuit 
river within half a mile from the place called the narrows shall forfeit fifteen 
dollars. 

Sec. 4. Every person who shall erect or make any weir, pot, or other contri- 
vance to obstruct the course of fish across Puncatest, alias Nomquit, pond, or 
any part thereof, or in any river or stream leading into or out of said pond at 
any time, shall forfeit ten dollars. 

Sec. 5. Every person who shall set any hanging or mesh net in Puncatest 
alias Nomquit, pond, or in any river leading into or out of said pond, between 
the first day of January and the first day of August, shall forfeit ten dollars. 

Sec. 6. Every person who shall erect or continue in Palmer’s river, above 
Kelly’s bridge, any weir, dam, or other obstruction to prevent the free passage 
of fish up said river, shall forfeit fifteen dollars for the first offence and ten dollars 
for every twenty-four hours any such weir or dam or other obstruction shall be 
* continued after the first twenty-four hours. 

Src. 7. Every person not at the time an inhabitant of this state who shall 
set or draw any seine or net in Palmer’s river, above Kelly’s bridge, on Thursday, 
Friday, or Saturday, and every person who shall set or draw any seine or net in 
said river above said bridge on Sunday, or between the setting and rising of the 
sun, shall forfeit for each offence fifteen dollars. 

Src. 8. Repealed. 

Src. 9. Repealed. 

Sec. 10. Repealed. 

Sec. 11. No person shall take any fish with any kind of gill or mesh net, 
or set any gill or mesh net for the purpose of taking any fish therewith, within 
one mile from the shore of Block Island, between the first day of June and the 
first day of November in each year, without first obtaining permission of the 
town council of New Shoreham; and every person violating any provision of 
this section shall be fined twenty dollars for each offence; one-half to the use of 
the complainant and the other half to the use of the town of New Shoreham. 

Src. 12. Any person who shall take any fish with any kind of seine, net, or 
trap, or set or draw any seine, net, or trap, for the purpose of taking any fish there- 
with, in any of the fresh water ponds in the town of New Shoreham, except in 
private ponds owned by one person, shall be fined not exceeding twenty dollars 
or be imprisoned not exceeding ten days, or be both fined and imprisoned in 
the discretion of the court. 

Src. 13. The electors of the town of New Shoreham may, in town meeting 


éalled for that purpose, enact such ordinances as they may think proper to pro- 
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tect and to regulate the taking of shell-fish and other fish in Great Salt pond, and 
may impose penalties therefor not exceeding twenty dollars fine and three months’ 
imprisonment for any one offence. 

Src. 14. The electors of the town of Tiverton may, in town meeting called 
for that purpose, make such regulations for the preservation of the fish, and may 
exercise such control over the fisheries of Nomquit pond, within the limits of 
said town, as they may think proper. 

Sec. 15. No person shall, between the first Monday in October and the first 
Monday in January, erect any weir or draw any seine or net for the purpose of 
catching or obstructing the passage of fish at or within one hundred and sixty 
rods of the mouth of Pataquamscut river in South Kingstown, nor shall any per- 
son erect or put down any weir, standing seine, or trap-seine, or hoop-net of 
any kind, either within or across said river at any other season of the year. 

Sec. 16. Nothing in the preceding section shall be so construed as to pro- 
hibit any person from using nets or fishing crafts for the catching of smelts, 
‘such as are commonly used in the smelt fishery, between the first day of Feb- 
ruary and the first day of April, or to prohibit the setting of gill nets for bass in 
said river or pond: Provided, that such nets shall not exceed twenty fathoms in 
length, nor be set within twenty fathoms of each other, nor south of the dividing 
line between lands now or formerly of William G. Watson and George W. Crandall, 
nor within twenty rods of the narrows that connect the upper and lower ponds; 
nor shall any person maintain any such standing seine or net in the same place 
for more than twenty-four hours if any other person demands the same place 
for the purpose of setting a like net or drawing a seine therein. 

Sec. 17. Every person who shall violate any of the provisions of the preced- 
ing two sections shall be fined not less than twenty dollars nor more than fifty 
dollars for each offence, and shall forfeit the seine, net, boat, and other apparatus 
by him used in such violation. 

Sec. 18. Every person who shall set any trap or net or draw any seine at 
any time west of a line drawn from Calf-pasture Point on the north side of Allen’s 
harbor to Rocky Point on the south side thereof, or west of a line drawn from 
Pojack Point on the south side of Potowomut river to Marsh Point on the north 
-side thereof, shall be fined not less than five dollars nor more than twenty dollars; 
one-half thereof to the use of the complainant and one-half thereof to the use 
of the state. 

Src. 19. No person shall between the fifteenth day of April and the fifteenth 
day of June, inclusive of both days, or between the fifteenth day of August and 
the fifteenth day of December, inclusive of both days, commencing at the rising 
of the sun on both days, erect any weir or set or draw any seine or net for obstruct- 
ing, catching, or hauling of fish within half a mile east from Point Judith ponds 
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breach, meaning the breach for the time being into the sea, or within a point’ 
on the west side of said breach four rods distant from Joseph Champlin’s fish- 
house, so called, or within said breach, or within any channel leading to said 
ponds, or any branch thereof from the sea, or within a quarter of a mile of the: 
entrance of such channel into said ponds or branches of said ponds; and when- 
ever the fifteenth day of December happens on Sunday this prohibition shall. 
continue to the rising of the sun on the next succeeding day. 

Src. 20. No weir shall be erected, nor any standing seine or net set, in any 
part of Charlestown pond, Quonochontaug pond, or Babcock’s pond, other- 
wise know as Brightman’s pond, nor across the channel, or in Point Judith’s. 
ponds within a quarter of a mile from the following places, namely: Alder Point 
near where Saukatucket river flows into said ponds; Princes narrows, which 
connects the upper with the lower ponds; Strawberry hill on Great Island;. 
High Point, so-called, on lands of the heirs of Joseph Sherman, and Gooseberry 
Hole. 

Src. 21. No person shall, between sunset on the first Monday in April and 
sunrise on the second Monday in June, erect any weir or net or draw any seine 
or net for the purpose of catching or obstructing the passage of fish in any part 
of Point Judith pond south of a line drawn from the most northerly point of 
Strawberry hill on Great Island to the most northerly point of High Point in 
said pond. 

Src. 22. No person shall erect any weir or set or draw any seine or net for 
the obstructing, catching, or hauling of fish within any part of said ponds or any 
branch thereof, at any time between sunset on the fifteenth day of August and 
sunrise on the fifteenth day of December. 

Src. 23. No seine or net of any sort shall be used at any time within said 
ponds or any branch thereof, of over one hundred fathoms in length, nor any 
standing seine or net of over twenty-five fathoms in length. 

Src. 24. No person shall set any standing seine or net, at any time, within 
forty rods of any place within said ponds or any branch thereof where another 
person may have already set his standing seine or net, nor shall any person 
maintain any such standing seine or net in the same place for more than forty- 
eight hours if any other person desires to occupy the place. 

Src. 25. Every person violating any provision of the preceding six sections 
shall be fined not less than twenty dollars nor more than fifty dollars, and shall 
also forfeit the boat, seine, net, and other apparatus by him used in such viola- 
tion, one-half of said fine and forfeiture to the use of the person complaining and 
one-half thereof to the use of the state. 

Src. 26. Every person living without the state who shall take any lobsters, 


tautog, bass, or other fish within the harbors, rivers, or waters of this state, for 
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‘the purpose of carrying them thence in vessels or smacks, shall be fined ten dol- 
lars for every offence, and shall forfeit all the fish or lobsters so taken. 

Src. 27. Every person who shall take any fish in any stream or fresh pond, 
except upon his own land, otherwise than by a single hook and line, or who shall 
take or carry away any fish from any private pond, brook, stream, preserve, or 
any other place made, constructed, or used for the purpose of breeding or grow- 
ing fish therein, without the consent of the proprietor or lessee of such pond, 
‘brook, stream, or preserve, shall be fined not exceeding twenty dollars or be im- 
prisoned not exceeding thirty days, or be both fined and imprisoned; but noth- 
ing herein contained shall be so construed as to authorize the taking of any fish 
from any pond or stream stocked with fish at the expense of the state. 

Src. 28. Every person who shall take any trout between the fifteenth day 
of July and the first day of April shall be fined twenty dollars for each offence, 
and every person who shall take or have in his or her possession any trout less 
than six inches in length at any time of the year shall be fined twenty dollars for 
-each trout found in his or her possession, but nothing herein contained shall be so 
-construed as to prohibit the taking and sale of trout artificially cultivated in pri- 
vate ponds at any season of the year: Provided, that all persons raising brook- 
trout artificially in private ponds shall use the initials of their names as a brand, 
which brand shall be put on every box of trout shipped or put on the market 
‘by them between the fifteenth of July and the first day of April in each year. 
All persons raising and disposing of trout as aforesaid shall cause their brand 
required herein to be registered by the secretary of state. 

Sec. 29. All actions for violations of the provisions of the preceding two 
-sections shall be commenced within thirty days after the commission of the of- 
fence. 

Src. 30. Every person who shall, by any seine or stop-net, or otherwise, 
obstruct the channel leading from the sea into Ward’s pond, and up through 
-said pond on each side of Watermelon, Gooseberry, or Larkin’s islands, shall be 
fined not less than five dollars nor more than twenty dollars. 

Src. 31. Every person who shall erect any dam, weir, or other obstruction 
across Mill cove in Warwick, or from the mouth of said cove to the pond of fresh 
water that runs into said cove, or such streams as run into said pond, or who 
shall keep up any dam, or weir, or other obstruction therein made, and every 
owner or occupant of lands adjoining said Mill cove or the stream leading from 
said pond into said cove who shall permit any such obstruction to be erected 
on continued in or upon said cove or stream adjacent to his land, at any time 
between the first day of March and the first day of November, shall forfeit 
one hundred dollars for each offence. 

Src. 32. Every person who on Saturday or Sunday shall fish in said cove 
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except with a hook and line, or who shall catch or hinder any alewives coming 
down said Mill cove or said stream, or shall therein at any time set any weir 
or device to prevent the passage of the fish, shall forfeit ten dollars for each 
offence: Provided, that nothing herein contained shall be so construed as to 
authorize fishing on Sunday. 

Src. 33. Every person who shall set or draw any seine or net in said Mill 
cove, or off from the mouth thereof to Long Meadow rocks, or from the mouth 
thereof to the pond of fresh water which empties into said cove, between the first 
day of March and the fifteenth day of June, or who shall.take any alewives 
from said pond, or streams flowing into said pond, between the first day of 
March and the first day of November in any year, shall for each offence forfeit 
one hundred dollars and the boats, seines, and other apparatus used in the 
commission thereof: Provided, however, that nothing in this chapter shall be so 
construed as to prohibit any person from fishing for alewives in said cove, or 
stream running from said pond into said cove, with a bowed net not larger than 
twelve feet around the mouth of said net, on days other than those excepted 
in section thirty-two of this chapter. 

Sec. 34. There shall be, between the first day of May and the first day of 
August, a weekly close-time extending from Saturday morning at sunrise to Mon- 
day morning at sunrise, during which time no fish of any description shall be 
taken by weirs, traps, or similar contrivances, from any of the waters of the 
coast-line of the state and Narragansett bay. If there be any weir, trap, or 
other stationary contrivances used for the purpose of catching or obstructing 
the passage of fish in that part thereof where the fish are usually taken, the net- 
ting at the mouth of the same shall be floated to the surface of the water so as 
to effectually close the mouth thereof during the weekly close-time, so that dur- 
ing said time the fish may have a free, unobstructed passage, and no device 
shall be placed in any part of said limits which shall tend to hinder such fish 
from running up the waters of such rivers. In case the inclosure where the fish 
are taken is furnished with a board floor, an opening three feet wide shall be made 
extending from the floor to the top of the weir, trap, or other contrivances: 
Provided, however, that nothing herein shall be so construed as to apply to the 
shad and herring fisheries in the tributaries of Narragansett bay. 

Sec. 35. The Commissioners of Inland Fisheries shall have a general super- 
vision of all matters relating to the subjects contained in sections eight, ten, 
twenty-six, twenty-seven, and thirty-four of this chapter, and may make all 
needful regulations to carry out the provisions of said sections, and shall from 
time to time examine all the weirs, traps, or other contrivances, with a view of 
carrying out such regulations as are most beneficial to the people of the state, 
and shall prosecute for the violation of such regulations or for the infringement 
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of the provisions of any of said sections. They may co-operate with the fish 
commissioners of other states, and shall make an annual report to the general 
assembly of their doings, with such facts and suggestions in relation to the 
object for which they are appointed as they may deem proper. Said commis- 
sioners shall be allowed their actual disbursements made in the execution of 
this chapter. 

Sec. 36. Every person who shall violate any of the regulations made by said 
commissioners under the authority of the provisions of the preceding section of 
this chapter, or who, during the close-time mentioned in section thirty-four, 
shall set any weir, trap, or contrivances contrary to such provisions, shall be 
fined not exceeding one hundred dollars or be imprisoned not exceeding three 
months, or both, in the discretion of the court before which the offender shall 
be tried. 

Sec. 37. All forfeitures under this chapter shall, where there is no other 
provision made to the contrary, enure one-half thereof to the use of the town 
where the offence shall be committed and one-half thereof to the use of the per- 
son suing for the same. 


CHAPTER 172. 
Of the Fishery of Pawcatuck River. 


Section 1. No weir or pound or other obstructions shall be erected or con- 
tinued in the channel of Pawcatuck river, dividing the states of Rhode Island and 
Connecticut, so as to interfere with the main channel of said river, upon penalty 
of twenty dollars for the first offence, and seven dollars for every twenty hours 
or any less space of time any such weir or other obstruction shall be continued 
in the main channel of said river after the first offence. 

Src. 2. No weir or pound shall be erected or continued upon any flat or other 
part of the bottom of said river, eastward or westward of the aforesaid channel 
of said river, between the first day of June and the twentieth of March, annually, 
upon penalty of fourteen dollars for the first offence and seven dollars for every 
succeeding day such weir or pound shall be continued in said river, from the 
first day of June to the twentieth day of March, annually. 

Src. 3. No person shall fish with mesh or scoop nets in Paweatuck river, or 
any of its branches, after sunset on Friday until sunrise on Monday in each week, 
from the twentieth day of March to the first day of June, annually, and no per- 
son shall use more than one net at a time upon penalty of five dollars for every 
offence. 


Sec. 4. All penalties incurred for violation of any of the provisions of this 
42 
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chapter shall enure one-half thereof to the use of the complainant and one-half 
thereof to the use of the town where the offence is committed. 

Sec. 5. The foregoing provisions of this chapter shall be considered as form- 
ing a compact with the state of Connecticut, from which the general assembly 
will not depart until the legislature of the state of Connecticut shall agree with 
the general assembly of this state to a repeal thereof, alterations therein, or 
additions thereto. 

Src. 6. If any owner of land adjoining Pawcatuck river in this state shall 
permit any weir, pound, or other obstruction to be erected or continued upon 
any flat or bottom of said river, whether done, erected, or continued by him- 
self, servant, lessee, or any other person, by his privity or consent, such owner 
shall be liable for any such breach or violation of section two of this chapter 
in the same manner as though the same had been committed by such owner in 


person. 


CHAPTER 174. 
Of the Inland Fisheries. 


Section 1. The governor shall appoint seven commissioners of inland fish- 
eries, who shall hold their offices for three years and until their successors are 
appointed. 

Src. 2. The Commissioners of Inland Fisheries shall introduce, protect, and 
cultivate fish in the inland waters of the state, and may make all needful regu- 
lations for the protection of such fish, and shall prosecute for the violation of 
such regulations and of the laws of the state concerning inland fisheries. (They 
may, in their discretion, from time to time make experiments in planting 
cultivating, propagating, and developing any and all kinds of shell fish; and for 
the purpose of so doing may from time to time take, hold, and occupy, to the ex- 
clusion of all others, in one or more parcels, any portions of the shores of the 
public waters of the state, or land within the state covered by tide-water at 
either high or low tide not within any harbor line, and which is not at the time 
of such taking under lease as a private and several oyster fishery: Provided, 
that the land so held and occupied at any one time shall not exceed three acres. 
Said commissioners upon taking such land shall forthwith give public notice 
thereof by advertisement in some newspaper in the county in which said land 
is situated, which advertisement shall contain a description of said land; they 
shall also forthwith notify the commissioners of shell fisheries of such taking 
and shall transmit to them a description of said land, and shall also take out 


or otherwise mark the bounds of said land. Said commissioners may make all 
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needful regulations for the protection of the land so taken, and of all animal 
life and other property within the lines thereof, and shall prosecute the violations 
thereof.) They may co-operate with the fish commissioners of other states, 
and they shall make an annual report to the general assembly of their doings, 
with such facts and suggestions in relation to the object for which they were 
appointed as they may deem proper. Said commissioners, whenever complaint 
is made by them, or either of them, for a violation of any regulation made by 
them as aforesaid, or for violation of any of the provisions of this chapter or of 
chapters 171, 172, and 173, shall be not required to enter into recognizance on 
such complaint or become liable for costs thereon. 

Src. 3. The said commissioners shall cause a copy of any regulation made 
under the authority of the preceding section to be filed in the office of the town 
clerk of any town in which any waters stocked with fish, or land occupied for 
experiments under the authority of the preceding section and to which such 
regulations may apply, may be, and shall also cause a copy of such regulations 
to be advertised in some newspaper published in the same county. 

Sec. 4. Every person who shall violate any of the regulations made by the 
commissioners of inland fisheries under the authority of the provisions of the pre- 
ceding three sections, or who shall take any fish, fish-spawn, or any apparatus 
used in hatching or protecting fish, from any pond, lake, river, or stream stocked 
with or set apart. by said commissioners, or by private parties, for the protec- 
tion and cultivation of fish with the consent of the town council of the town 
where such cultivation is carried on, without the consent of such commissioners, 
or, if the cultivation of fish be carried on by a private party, without the con- 
sent of the person cultivating the same, or who shall trespass within the boun- 
daries of any land which may be taken and occupied by said commissioners for 
their experiments in relation to shell-fish, authorized by section two of this 
chapter, shall be fined not exceeding three hundred dollars or be imprisoned 
not exceeding six months, or be both fined and imprisoned in the discretion of 
the court before which the offender shall be tried. 

Sec. 5. Every person who shall catch any fish or shall use any seine for catch- 
ing fish within half a mile from the mouth or outlet of any fishery set apart as is 
herein provided, and within any waters into which the waters of such fishery 
are let out, and every person who shall violate any of the provisions of sections 
seven, eight, and ten of this chapter, shall forfeit for the first offence the sum 
of fifty dollars, and for every subsequent offence shall forfeit one hundred dol- 
lars; and in addition to the penalties herein provided shall forfeit all the appa- 
ratus by him used in violation of the provisions of this section. 

Sec. 6. Each of the commissioners of inland fisheries may, personally or by 


deputy, seize and remove, summarily if need be, all obstructions erected to 
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hinder the passage of migrating fish, or which are illegally erected to obstruct 
or in any way to impede the growth and culture of fish. 

Sec. 7. No person shall take or catch fish of any kind from any of the inland 
waters of the state, set apart by the commissioners of inland fisheries for the 
cultivation of fish, except at such times and in such manner as is hereinafter 
provided. 

Sec. 8. The prohibition of the catching of fish by hook and line, from fisheries 
stocked as hereinbefore provided, shall extend and be continued for and during 
the term of three years from and after the time when such fishery was first es- 
tablished: Provided, however, that fish may be caught through the ice only, and 
with hook and hand-line only, in those ponds set apart for the cultivation of 
black bass, during the months of December, January, and February, until 
the expiration of the aforesaid term of three years. 

Sec. 9. After the expiration of said three years no black bass shall be taken 
in any waters of this state, except Sneach pond in the town of Cumberland, 
and Moswansicut pond in the town of Scituate, between the first day of March 
and the first day of July in each year, nor at any time except by hook and line 
a& aforesaid. Every person taking any black bass during the time aforesaid, or 
in any other manner except by hook and line, shall be fined fifteen dollars for 
each black bass so taken, and every person who shall take or have in his or her 
possession any black bass less than eight inches in length at any time of the year 
shall be fined fifteen dollars for each black bass found in his or her possession; 
and possession by any person of any black bass less than eight inches in length, 
or during the time aforenamed, shall be evidence that such black bass were taken 
in violation of this chapter; but nothing herein contained shall be so construed 
as to prohibit the taking and sale of black bass artificially cultivated in private 
ponds at any season of the year. 

Sec. 10. After the expiration of said three years no fish shall be taken by any 
person from any waters legally set apart by said commissioners for the culti- 
vation of shad or salmon, or within one mile of the outlet of the streams so set 
apart, except from and after the fifteenth day of April until the fifteenth day 
of July, or at any time except by hook and hand-line, or by not less than three- 
inch mess nets or seines. 

Sec. 11. One-half of the fines and forfeitures recovered for violation of the 
provisions of this chapter shall accrue to the complainant and one-half thereof 
to the use of the state. 

Src. 12. The commissioners of inland fisheries may take fish from the fisheries 
hereinbefore referred to, for any purpose connected with fish culture or for 
scientific observation. 

Sec. 13. Each of said commissioners may, in the discharge of his duties, 
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enter upon and pass over private property without rendering himself liable in 
an action of trespass. 

Src. 14. The commissioners of inland fisheries shall be allowed their actual 
disbursements made in carrying into effect the provisions of this chapter. 


CHAPTER 175. 


General Provisions for the Protection of Fisheries. 


Section 1. Every person who shall throw into or deposit in, or cause to be 
thrown into or to be deposited in, any of the public tide-waters of the state or 
upon the shores of any such tide-waters any fish-offal or any water impregnated 
with fish, unless the same be filtered in such manner as may be determined by 
the town council of the town wherein such deposit shall be made, and every 
person who shall cause any deleterious substance resulting from the smelting 
or manufacture of copper or from other manufactures, or from other sources, 
which is destructive to fish or which repels them from coming into the said pub- 
lic waters, or which shall do anything which tends to drive them therefrom, to 
be emptied, deposited, or run into the said public waters, shall forfeit one hun- 
dred dollars. 

Src. 2. Every vessel, craft, boat, or floating apparatus employed in the pro- 
curing of fish-oil, or in the dressing of bait for the mackerel fisheries, or the 
dressing of fish for other purposes, in violation of this chapter, shall be liable 
for any forfeiture and costs resulting from prosecution hereunder; and the same 
may be attached on the original writ and held, as other personal property at- 
tached may be held, to secure any judgment which may be recovered in any ac- 
tion brought to enforce any such forfeiture; and any person, upon view of any 
offence in violation of this chapter, may seize and detain any vessel, craft, boat, 
or floating apparatus, the same to be detained for a period not exceeding six 
hours. 

Sec. 3. Every person who shall boil any menhaden fish, or press any fish 
for the purpose of extracting oil therefrom, on board of any vessel on any of the 
public tide-waters, shall be fined not exceeding fifty dollars. 

Sec. 4. Any person who shall wilfully place any brush, trees, or limbs of 
trees in any of the waters of Charlestown pond shall be fined not more than twenty 
dollars nor less than five dollars for each offence; and all fines under this section 
shall enure one-half thereof to the use of the complainant and one-half thereof 


to the use of the town of Charlestown. 
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PUBLIC LAWS. 


CHAPTER 969. 


AN ACT IN SUBSTITUTION OF CHAPTER 857 OF THE PUBLIC LAWS, 
PASSED AT THE JANUARY SESSION, A. D. 1901, ENTITLED “AN 
ACT FOR THE BETTER PROTECTION OF THE LOBSTER FISH- 
ERIES.” 


Section 1. Every person who catches, takes, or has in his or her possession 
any lobster less than nine inches in length, measuring from the end of the bone 
projecting from the head to the end of the bone of the middle flipper of the tail, 
the lobster extended on its back its natural length, and every person who has in 
his or her possession any cooked lobster less than eight and three-quarters 
inches in length, and every person who has in his or her possession any female 
lobster bearing eggs or from which the eggs have been brushed or removed, shall 
be fined five dollars for every such lobster; but a person catching or taking 
any such live lobster and immediately returning the same alive to the water 
from which taken shall not be subject to such fine. The possession of any such 
lobster, cooked or uncooked, not of the prescribed length, shall be prima facie 
evidence to convict. 

Src. 2. All lobster pots, cars, and other contrivances used for the catching 
or keeping of lobsters shall be plainly marked with the name or names of the 
owner or owners. And every person who shall not have his lobster pots, cars, 
or other contrivances so marked shall be fined twenty dollars and be imprisoned 
not more than thirty days for each such offence. And all pots, cars, and other 
contrivances used contrary to the provisions of this section shall be seized by 
the officer engaged in the enforcement of this law, and said property shall be 
forfeited. 

Src. 3. There shall be, between the fifteenth day of November and the fif- 
teenth day of April next succeeding, a close-time, during which time it shall be 
unlawful for any person to set or keep, or cause to be set or kept, within any of 
the waters of this state, any pots or nets for the catching of lobsters, or to take 
any lobsters during such close-time. Every person violating any of the provisions 
of this section shall be fined twenty dollars and be imprisoned not more than 


thirty days for each such offence. 
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Src. 4. No person shall be allowed to set or keep, or cause to be set or kept, 
within any of the waters of the state, any pots or nets for the catching of lobsters 
who has not had his home and residence in this state for the period of one year 
next preceding the time of his catching such lobsters. Every person violating 
any of the provisions of this section shall be fined twenty dollars and be im- 
prisoned not more than thirty days for each such offence. 

Sec. 5. Every person, except the commissioners of inland fisheries and their 
deputies, who shall lift or raise any pot or net set for the catching of lobsters, 
without the permission of the owner or owners thereof, shall be fined ten dollars 
for each such offence. 

Sec. 6. Every person who mutilates a lobster by severing its tail from its 
body, or has in his or her possession any such tail or tails of lobsters before such 
lobsters are cooked, shall be fined five dollars for each such offence; and in all 
prosecutions under this act the possession of any such tail or tails of uncooked 
lobsters shall be prima facie evidence to convict. 

Sec. 7. The Commissioners of Inland Fisheries shall appoint at least two 
deputies, whose duties shall be the enforcing of the provisions of this act. Each 
of said deputies appointed as aforesaid shall be, by virtue of his office, a special 
constable, and as such deputy may, without warrants, arrest any person found 
violating any of the provisions of this act and detain such person for prosecution 
not exceeding twenty-four hours. Said deputies shall not be required to enter 
into recognizance or become liable for costs. 

Sec. 8. For the purpose of enforcing the provisions relative to the protection 
of lobsters, the Commissioners of Inland Fisheries and their appointed deputies 
may search in suspected places, or upon any boat or vessel that they may believe 
is used in the catching or transporting of lobsters, and may seize and remove 
lobsters taken, held, or offered for sale in violation of the provisions of this act- 

Sec. 9. Fines incurred under any of the provisions of this act shall enure one- 
half thereof to the use of the complainant and one-half thereof to the use of the 
state. 

Sec. 10. The several district courts shall have concurrent jurisdiction with 
the common pleas division of the supreme court over all offences under this act, 
and to the full extent of the penalties therein specified; parties defendant, how- 
ever, having the same right to appeal from the sentences of said district courts 
as is now provided by law in other criminal cases. 

Sec. 11. Sections eight, nine, and ten of Chapter 171 of the General Laws, 
entitled “Of certain fisheries,” and also Chapters 316 and 857 of the Public 
Laws, and all acts and parts of acts inconsistent herewith, are hereby repealed. 

Sec. 12. This act shall take effect upon and after its passage. 
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CHAPTER 1006. 
AN ACT IN RELATION TO TRESPASS ON LAND. 


Srecrion 1. Whoever shall enter upon the land of another for the purpose 
of either shooting, trapping, or fishing when the same shall be conspicuously 
posted by the owner or occupant with notices that shooting, trapping, or fishing 
is prohibited thereon, or whoever shall without right mutilate, destroy, or re- 
move any such notice, shall be fined not exceeding twenty dollars. 

Src. 2. All acts or parts of acts inconsistent herewith are hereby repealed, 
and this act shall take effect July 1st, 1902. 


CHAPTER 1132. 


AN ACT PROHIBITING THE TAKING OF FISH OF ANY SPECIES 
FROM THE WATERS OF GORTON’S LAKE, SO-CALLED, IN THE 
TOWN OF WARWICK, R. I., BEFORE APRIL 1, 1906. 


Secrion 1. Every person who shall take fish of any species from the waters 
of Gorton’s Lake, so-called, in the town of Warwick, before the first day of 
April, A. D. 1906, shall be fined not exceeding one dollar for the first offence, 
and not to exceed ten dollars for each subsequent offence. 

Src. 2. This act shall take effect immediately. 


CHAPTER 1225. 


AN ACT FOR THE PROTECTION OF PICKEREL AND IN ADDITION TO 
CHAPTER 171 OF THE GENERAL LAWS, ENTITLED “OF CERTAIN 
FISHERIES.” 


Section 1. Every person who catches or takes from any of the waters of 
this state or has in his or her possession any pickerel less than ten inches in length 
shall be fined five dollars for each such offence; but any person catching or taking 
any pickerel less than ten inches from any of the waters of this state and immedi- 
ately returning the same alive to the water from which taken shall not be sub- 
ject to such fine. The possession of any such pickerel not of the prescribed 
length shall be prima facie evidence to convict. 

Sec. 2. This act shall take effect upon and after its passage. 
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